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FORWARD 


This report was written with the intent of detailing the 
End-of-Life (EOL) perfonmance of the ATS-5 spacecraft. The EOL test 
program was constrained in time by the fact that the Rosman Ground 
Station was scheduled to be closed at the end of December, 1980, thus 
ending all NASA C-Band capability. For this reason, tests requiring 
C-Band suport were performed, even though the spacecraft had not yet 
reached its end of life. 

The reader may wish to substitute End-of-Mission (EOM) when- 
ever reference is made to End-of-Life (EOL), since the spacecraft is 
continuing to function with its major subsystem operational. 

It is expected that this document will provide the basis for 
an EOL report when the spacecraft is no longer useful. 

The spacecraft is presently proving to be a valuable re- 
source for VHF propagation studies by providing an RF beacon for ex- 
perimenters (136 and 137 MHz telemetry downlink). 

This report is submitted to Goddard Space Flight Center 
(GSFC by Westinghouse Electric Corporation in response to NASA Con- 
tract Number NAS 5-20825. Mr. Robert Wales is the GSFC Technical 
Officer. The report was written by F.J. Kissel with the assistance of 


J. Schaefer. 



1.0 


INTRODUCTION 


1.1 PURPOSE 

The purpose of this report Is to present the results of the ATS- 5 
End-of-Life (EOL) tests performed June through December 1980. Whenever 
possible, the test data has been compared with prelaunch and/or infl ght 
data. During the course of determining the prelaunch and inflight data, 
it became apparent that a significant portion of the ATS-5 historical 
data was available only in memos and letters which have received very 
little circulation. For this reason, pertinent memos and other 
informal documents have been included as append! cies. Pertinent documents 
which have received wide distribution and/or are avialable at the NASA/ 
GSFC library are listed in Section 5 (References). 

1.2 BACKGROUND 

The history of the ATS-5 spacecraft is thoroughly described in 
the reference documents (Section 5). Especially noteworthy is the Post 
Launch Report (Reference 1) which discusses the events which culminated 
in the spacecraft rotating in .he "wrong" direction. Details of the 
ATS-5 mission which are especially pertinent to this report are sum- 
marized as follows: 

The ATS-5 spacecraft was launched August 12, 1969 into a near- 
perfect orbit with the vehicle spin-stibilized. The apogee motor was 
successfully fired for synchronous orbit insertion. After attaining 
synchronous orbit the spinning spacecraft with the apogee motor still 
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attached developed a rapid divergent nutation which could not be damped 
out. The spacecraft motion quickly degenerated into an unanticipated 
"flat" spin. When the apogee motor casing and adapter were jettisoned, 
the spacecraft resumed spinning about the normal spin axis, but unfortu- 
nately in the wrong direction. Consequently, the yo-yo despin mechanism 
could not be released to despin the spacecraft and the gravity-gradient 
stabilization system could not be deployed. 

The communications subsystem contains two multimode repeaters. 
Repeater number 1 operates at C-band and may utilize the high gain 
(earth coverage) or omni-directional antennas. Repeater 2 operates 
at L-band and utilizes the L-band high ga’n antenna. Both the L and 
C-band high gain antennas were designed to operate with the spacecraft 
gravity gradient stabilized (one rotation per orbit) in synchronous 
orbit. The antennas were thus designed to illuminate the earth (half 
power beamwidth of approximately 20°). 

The C-band omni-directional antenna has a torriodal pattern which 
is near omni-directional normal to the spacecraft spin axis and signifi- 
cantly decreases in gain as the aspect angle moves away from 90°. 

The spacecraft presently has a spin period of approximately 765 
msec about an axis of spin approximately parallel with the earth's axis. 
The spacecraft high gain antenna (both L and C-band) thus sweeps across 
the earth each spin period, illuminating each point within its area of 
coverage for about 50 ms (to the half-power points). The resulting 
"pulsing" effect presents great difficulty in performing accurate measure- 
ments of the spacecraft RF performance parameters. 
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1.3 DATA PRESENTATION AND DOCUMENTATION 

In order to minimize duplication of effort, extensive use is 
made of references of previous ATS documents. In those instances where 
the referenced documents are not readily available, pertinent portions 
of the referenced document are included as an appendix. In general, the 
raw data is presented in an appendix, and the reduced data and/or results 
included in the main body of the report. Each section contains a de- 
scription of the test(s), a discussion of the results and concluding 
remarks. 
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2.0 


COMMUNICATION SUBSVSTEM TESTS 


2 . 1 ANTENNA PATTERNS 

2.1.1 C-Band Tests 

Transmit Antenna Pattern 

Transmit Antenna Patterns were measured using both the omn’ and 
planar array antennas. When measurements were made in the frequency trans- 
lation (FT) mode, a 1 kw signal measured at the ground station transmitter 
output was uplinked to the ATS-5 satellite via the ground station 85' 
diameter untenna. This signal was enough to ensure that the spacecraft 
amplifiers v/ere saturated and that the maximum output possible was trans- 
mitted from the satellite. When measuring in the WOBM, no uplink was 
required since the spacecraft developed its own downlink carrier. At the 
ground station, the downlink signal was viewed on stripcharts where the 
spacecraft transmitter antenna pattern could be measured. 

Planar Array Transmit Antenna Patterns 

The spacecraft was put into the wideband data mode, TWT 1 was 
turned on and a stripchart recording of the spacecraft transmit (Tx) 
antenna pattern was made. A portion of this stripchart is shown in Figure 
2-1. Since the desired detail could not be acquired using only one channel, 
two channels were used to gain higher definition on the antenna pattern. The 
full Tx pattern was placed on channel 3. The lower portion of the pat- 
tern was placed on channel 5 and the upper portion was placed on chan- 
nel 6, The stripcharts were later studied and translated to a polar 
coordinate Tx antenna pattern as shown in Figure 2-2. The power values 
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FIGURE 2-2 

PI anna r Array Transmit Antenna Pattern 
(TWT 1. WBDM) 
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on the stripcharts include the receiving station antenna gain and strip- 
chart calibration. After the recording of the antenna pattern was com- 
pleted, TVIT 1 was turned off and TWT 2 was turned on. 

Stripcharts and polar plots were made as before. The results 
are presented in Figure 2-3 and 2-4. A third pattern was then recorded 
using TWT 1 and 2 simultaneously (approximately twice as much spacecraft 
EIRP). The stripchart and polar plot can be seen in Figures 2-5 and 2-6 
respectively. Examination of the stripcharts shows that the patterns obtained 
using the TWTs separately and together are essentially identical (slight 
differences in the polar plots are due to manual translation uncertainties). 

Omni-Directional Antenna Transmitting Patterns 

The spacecraft was put into the wideband data mode, TWT 1 was 
turned on and a stripchart recording was made as with the Planar Array 
Tx tests. However, with the omni-directional antenna patterns, the entire 
waveform could be adequately represented on one stripchart channel. 

Using the information on the stripchart, the polar coordinate antenna 
pattern could be determined. The stripchart and its polar representation 
are shown in Figures 2-7 and 2-8 respectively. 

The spacecraft was then set to the C-band FT mode and both TWT 
1 and 2 were used to measure the omni antenna transmit pattern. The 
stripchart and polar plot are given in Figures 2-9 and 2-10 respectively. 

C-Band Test Results 

In the course of the investigation for the ATS-5 C-band tests, 
previously measured transmit antenna patterns were acquired for compar- 
ison purposes. This data is given in Appendix A. In comparing the 
Appendix A stripcharts to those given in the text, no major pattern 
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FIGURE 2-4 

Planar Array Transmit Antenna Pattern 
(TWT 2, HBOM) 
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FIGURE 2-6 

Planar Array Transmit Antenna Pattern 
(TWT 1 and 2, WBDM) 
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Omni Antenna TWT #1 & #2 
Transmit Antenna Pattern 
Stripchart 
(FT Mode) 
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FIGURE 2-10 

Omni Transmit Antenna 
Pattern 

(TWT 1 and 2, H Mode) 
- 15 - 




changes were noted. The planar array antenna patterns of Figures 2-2, 

2-4, and 2-6 all show the peak of the two first side lobes at 
0 ® 

about 55 and 295 respectively. 

Also, the nulls between the main lobe and the side lobes are at 
least 24 dB down from the main lobe peak power in each plot. It will be 
noticed from comparison between Figures 2-1, 2-3, and 2-5 that when both 
TWT 1 and 2 are on, a 3 dB improvement is shown in the transmission 
signal strength which was anticipated. 

The Omni antenna patterns (Figures 2-9 and 2-10) provided dramatic 
evidence of interaction of the planar array and the omni antennas. This is 
due to the low isolation of the RF switch used to select the C-banJ 
antennas. In Figure 2-10 the planar array influence in the omni antenna 
pattern has produced a pattern with two nulls centered about a pseudo main 
lobe. This effect had been previously noted during ATS-5 operations. 

The configuration of the ferrite RF switch is shown in Figure 
2-11. Additional information regarding the RF switch and the effects of 
low isolation can be found in Appendix B. 

2.1.2 L-Band Tests 

At the time that the ATS-5 EOL tests were performed, the L-band 
capability had been removed from the Rosman ground station, thus severely 
limiting the L-band testing capability. Two former L-band experimenters, 
the General Electric Company in Schenectady, New York and the Canadian 
Research Center in Ottawa, Ontario were contacted and agreed to limited 
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C-Band Comnum' cations Transmitter 











participation in the EOL tests. A further impediment to L-band testing 
was the failure of the L-band receiver and one of the two TWTs. See 
Appendix C for discussion on the L-band equipment malfunctions. 

Transmit Antenna Pattern 

The receiver at Ottawa was tuned to the L-band boacon at 1565.82 
MHz. In this configuration, with no uplink signal, the L-band beacon 
caused near saturation of the L-band TWT. This provided a down- 
link signal to measure the antenna pattern. The recorded s 'art is 
shown in Figure 2-12. In this test, the upper channel of the s'aripchart 
was used for greater definition of the peak of the signal whereas the 
lower channel of the stripchart was used to show the entire waveform. 

The power values presented with the stripcharts are relative values. 
Figure 2-13 is the polar coordinate transformation of the stripchart given 
in Figure 2-12. Appendix 0 presents the calibration method used by CRC 
in Ottawa. 

The spacecraft was then placed in the FT mode with the C x L 
configuration. The planar array antenna was used on the uplink. The 
ground station at Ottawa received the downlink at 1553.77 MHz in a 50 KHz 
bandwidth. Figure 2-14 shows a section of the stripchart obtained and 
Figure 2-15 shows the polar coordinate transformation of the received 
antenna pattern. 

L-Band Test Results 

The antenna pattern of Figure 2-13 may be compared with that of 
the L-Band transmit pattern (WBDM) in Appendix C. Although the 
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FIGURE .2-13 

L-Band Antenna Pattern 

L^edcon Downlink 
(1565.82 MHz) 
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FIGURE 2-14 

L-Band Transmit Antenna Pattern Stripchart 
with the Planar Array 
in the FT C x L Mode 
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FIGURE 2-15 


L-Band Transmit 
Antenna Pattern using the 
FT C X L Mode 


(Planar array 


on C-band uplink) 






frequencies of the patterns recorded differ slightly (15.5.82 Wiz for 
beacon, and 1550.48 HHz for the Vi8DM), the two can be compared. 8oth 
have first nulls at about 35° and 325°. Additionally, the side lobes 
are down 15 d8 from the main lobe in both cases. A comparison can also 
be made between the C x L antenna pattern of the test and that of the 
C X L stripchart in Appendix C. The C-band planar array was used to 
develop the stripchart of Figure 2>14 and the C-band omni was used for 
the stripchart in Appendix B. The only difference here is the noteable 
low isolation effect of the RF switch in the C-band transponder. Figure 
2-14 shows no perturbations but the stripchart of the C x L test in 
Appendix B does show perturbations. See Reference 2 for a presentation 
of previous L-band measurements. 

2.2 RF PERFORMANCE PARAMETERS 

2.2.1 Introduction 

The spacecraft RF paraineter measurements were restricted to the 
C-band EIRP and G/T because of the limited ground station facilities and 
test equipment. Measurements of L-band downlinks were provided by General 
Electric (in Schenectady, N.Y.) and the Canadian Research Center (Ottawa, 
Canada). These measurements provided a means of determining the L-band 
EIRP and also verification of the failure of the L-band preamplifier. 

It should be noted that all values assigned to the spacecraft 
are dependent upon the calibration accuracy of the ground station. Thus 
some discrepancy may be expected among prelaunch, in-orbit, and EO:. test 
results. 
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The test results are summaflzed In Tables 2-1 through 2-3 which 
Include prelaunch and In-orbit values as well as specification limits. 

The specification limits shown In Table 2-1 through 2-3 were 
obtained from References 3 and 4; the prefllght values were measured In 
1969 as part of the Hughes Aircraft Co. Long Form tests (Reference 5). The 
In-orbit values were determined from various operational tests conducted 
primarily during 1971-72 per«c>d or-jr the lifetime of the spacecraft. The 
EOl values shown in Tables 2-1 through 2-3 represe.-t lha Lest estlm^.j of 
the true value, often derived from an average of seveiul measurements made 
when tests were performed during the fall of 1980. 

2.2.2 Spacecraft EIRP 

The C-band and L-band EIRP calculated values are shown In Table 
2-4. Measurements were made for valrous combinations of spacecraft mode 
and antenna configurations. The C-band EIRP values were calculated from 
C/Nq measurements made at the Rosman ground station. The L-band EIRP 
value was calculated from the measured value of received signal strength 
reported by CRC (Canada). Sample EIRP calculations are presented in 
Appendix E. The spacecraft Tx power output was reported via spacecraft 
telemetry during each EIRP test (as shown In Table 2-4). Using the EIRP 
spacecraft Tx output values; It was possible to determine the apparent net 
antenna gain (as shown In Table 2-4). Variations In net antenna gain are 
attributed to the ferrite switch (discussed In conclusions subsection). 

2.2.3 Spacecraft G/T 

The G/T (antenna gain to system noise temperature ratio) of a re- 
ceiving system Is a f igure-of-merit of the system performance. A method of 
measuring the In-orbit G/T has been developed (Appendix F) which requires 
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a known signal level to be transmitted to the spacecraft coupled with 
accurate determination of the variation of the resultant spacecraft 
transmitted carrier output. The technique requires sufficient uplink 
power to cause saturation of the spacecraft transmitter. The resultant 
downlink receive carrier was then used to establish a reference level 
and the uplink power Is decreased and measured for various decreases 
in the downlink carrier from reference level. A sample calculation of 
G/T Is shown In Appendix E. 

Table 2-5 shows the measured G/T data for the C-band omni and 
planar array antennas. Several values of G/T are measured for each 
antenna, and averaged to determine a best estimate. No L-band G/T 
mecsurement could be made because of the failure of the spacecraft L-band 
receiver front end (see Appendix C for a comprehensive discussion of the 
L-band front end failure). 

2.2.4 Conclusions 

2.2.4. 1 Sumtiary 

• The C-band EIRP has degraded significantly (up to 6.1 dB) 
from prelaunch measurements 

• The C-band G/T is essentially unchanged from prelaunch values 

• The L-band TVfT 4 EIRP is essentially unchanged from prelaunch 
values (TWT 3 failed 30 Jan 74) 

2. 2. 4. 2 C-Band Tx RF Parameters 

Examination of the EOL test results (Table 2-4) shows a variation 
of measured EIRP of 1.5 dB (planar array, 2 TWT's). This variation may 
well be due to ground station parameter changes and measurement accuracy. 


- 25 - 



Another possibility is that the ferrite switch which selects either the 
Omni or planar array antennas (Figure 2-11) is erratic in operation. 
Evidence for the latter is seen in the spacecraft Tx power output telemetry 
which shows higher than nominal values, an effect which may occur if the 
spacecraft power output detector received significant reflected power 
from the antenna switch. 

Table 2-1 is a summary of the C-band Tx RF parameters. The pre- 
launch values were the results of measurements made by the Conmuni cations 
Subsystem Contractor (Hughes Aircraft Co.) and reported in the Long Form 
tests (Reference 5). The in-orbit and EOL values of EIRP were calculated 
from measurements of ground station received power. The in-orbit and 
EOL values of Transmitter Output Power were determined from spacecraft 
telemetry. The net antenna gain (including all line losses), is calcu- 
lated by subtracting the spacecraft Tx power from the EIRP; the resulting 
3.1 dB apparent variation of net antenna gain (10 to 13.1 dB; EOL tests) 
is attributed to variations in the VSWR of the antenna ferrite switch; 
the variation of net antenna gain over the life of the spacecraft (from 
3 prelaunch value of 15.8 dB) is attributed to changes in the spacecraft 
transmi jcion network losses (see Figure 2-11). 

The effect of the ferrite switch was first observed during post 
launch tests (Appendix 6) and is also discussed in Appendix B with regard 
to omni-to-planar array antenna isolation. 

2. 2.4. 3 C-Band Receive RF Parameters 

The C-band G/T measured values show lictle change from the pre- 
launch values (see Table 2-2). The prelaunch and spec G/T values were 
calculated from RCVR noise figure and line losses (sample calculations 
in Appendix E). 



The available inflight data was not adequate to determine G/T 
values for the C-band receivers. 

Of particular interest in the results shown in Table 2-2 is the 
difference in gain between the omni and planar array G/T. The EOL gain 
difference is 19.4 dB while the prelaunch value is 19.0 dB. This is 
remarkable and indicates that virtually no degradation has occurred in the 
spacecraft receive subsystem. 

2. 2. 4. 4 L-Band RF Parameters 

The only EOL L-band RF parameter avialable for measurement was the 
EIRP using TUT 4. This required the assistance from the Canadian Research 
Center (CRC) to measure the downlink from the saturated spacecraft trans- 
mitter output. The measurements was performed using the FTNB mode with no 
uplink (in this mode the onboard beacon oscillator causes saturation of the 
L-band TWTA). The spacecraft output power (via telemetry) was used to 
determine the net antenna gain. As seen in Table 2-3, no significant changes 
in EIRP, TX power output or antenna gain have occurred. TVfT 3 failed 
30 Jan 1974 (prior to EOL testing); however, in-orbit measurements prior to 
its failure indicated nominal performance. 

Because of the failure of the L-band receiver (Appendix C) no EOL 
G/T measurements could be made; however, inflight data was obtained which 
indicated a 3 dB decrease in G/T since prelaunch measurements. The 3 dB 
decrease could be due to measurement errors, or actual degradation of 
the L-band preamp. 

An attempt was made to characterize the current performance of 
the L-band receiver. General Electric (Schenectady, N.Y.) provided an 
uplink EIRP of approximately 90 dBm (approximately -84 dBm at the space- 
craft preamp input). The resultant output was recorded by CRC (Ottawa, 
Canada) and is shown in Figure 2-16. CRC reported the GE return 
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Ground station received 
signal strength. 


Figure 2-16 

L-Band Repeater Response, FTNB Mode 
(shows effect of failed L-band RCVR preamplifier) 


GE L-Band Tx lOOw (EIRP = 90 dBm) 
CRC L-Band Receive (-158 dBm) 



level to be -158 dBm (a decrease of 21.5 dB from their measurement of 
spacecraft saturated output power). Based on post launch tests (Appendix 
G) the observed performance indicates a decrease in the L-band RCVR gain 
of approximately 33 dB. This value is consistant with previously observed 
values (see Appendix C). 
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Table 2-1 


ATS-5 C-Band Tx RF Parameters 


Transmitter Ouptut Pwr 
TWT 1 (dBm) 

TWT 2 (dBm) 

TVn- 1 4 2 (dBm) 


Transmit Antenna 

Omni (dB) 

Planar Array (dB) 


Omni Antenna 

TWT 1 (dBm) 
TWT 2 (dBm) 
TWT 1 & 2 (dBm) 

Planar Array 

TWT 1 (dBm) 
TWT 2 (dBm) 
TWT 1 & 2 (dBm) 


Spec 

Prelaunch 

In-Orbit 

EOL 

35.3 min. 

35.9 

1 


35.3 min. 

35.9 

i 

1 


38.3 min. 

38.4 

38.7 

38.9 to 39.8 


0.8 

2.8 

-0.2 to -1.5 

16.7 min. 

15.8 

16.3 

10.0 to 13.1 



38.5 



36.2 

38.5 




41.5 

37.8 to 39.3 

50.4 min. 

51.7 

52.0 

47.8 

50.4 min. 

51.2 

52.0 

46.3 

53.4 min. 

54.4 

55.0 

48.3 to 49.8 


net gain (includes line losses) 


















Table 2-2 


ATS-5 C-Band Receive RF Parameters 



Spec. 

Prelaunch 

EOL 

RCVR Noise Figure (dB) 

6.2 max. 

6.16 


Receive Antenna 

Gain 




Omni 

(dB) 


1.3 


Line Loss 

(dB) 


3.3 


Net Gain 

(dB) 


-2.0 


G/T 

(dB) 


-35.7 

-36.9 

Planar Array 





Line Loss 

(dB) 

2.7 max. 

2.45 


Net Gain 

(dB) 

16.3 min. 

16.6 


G/T 

(dB) 

-17.3 min. 

-16.7 

-17.5 
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Table 


ATS-5 L-Band RF 




Spec. 

Trans'"! tter Output Pwr 


TWT 3 

(dBm) 

41.0 min. 

TWT 4 

(dBm) 

41.0 min. 

TWT 3 & 4 

(dBm) 

44.0 min. 

. . 

Transmit Antenna Gain (dB) 

! ■ .0 min. 

Diplexer & Line 
Loss 

(dB) 

3.5 max. 

Net Gain 

(dB) 

10.5 min. 

EIRP 



TWT 3 

(dBm) 

51.6 min. 

TWT 4 

(dBm) 

51.5 min. 

TWT 3 & 4 

(dBm) 

54.5 min. 

Receive Antenna Gain 

(dB) 

15.0 min. 

Diplexer & Line 
Loss 

(dB) 

2.3 max. 

Net Gain 

(dB) 

12.7 min. 

RCVR Noise Figure 

(dB) 

5.5 max. 

Antenna G/T 

(dB) 

-19.8 
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!-3 

Parameters 


i 


r 

\ 


a 


Prelaunch 

In-Orbit 

EOL 

40.8 

40.0 


39.8 

41.0 

40.8 

43.4 

43.9 


14.7 



1.1 



13.6 

11.6 

12.3 

63.7 

52.1 


53.4 

52.3 

53.1 

56.4 

55.4 


15.6 



1.3 



14.3 



4.8 



-16.5 

-19.5 



‘S 




















ATS- 5 EIRP Test* 

























































Table 2-5 


ATS-5 EOL C-Band G/T Detenni nation 



Ros Tx 
Pwr 
(dBm) 

Downlink 

Carrier 

(dB) 

Noise^ ^ 
Shari ng 
Correction 
Factor, (C.F.) 
(dB) 

Calculated^^^ 

G/T 

(dB) 

Planar 

60 

0 (REF) 



Array 

45 

-0.5 




43 

-1.0 

-5.2 

-17.5 


40 

-2.0 

-2.2 

-17.5 


37 

-4.0 

1.2 

-17.9 


34 

-6.0 

3.4 

-17.1 





-17.5 average 

Omni 

60 

nag 




59 


-2.2 

-36.5 


57.8 


-0.2 

-37.3 


56 

-4.0 

1.2 

-36.9 


54 

-6.0 

3.4 

-37.1 





-36.9 average 


C.F. is a correction factor which accounts for the noise power sharing 
of the spacecraft transmitter output. Its value is a function of the 
carrier suppression (refer to Appendix F). 

( 2 ) 

' ' Appendix F describes the calculation of G/T and presents a sample 
calculation 
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3.0 


POWER SUBSYSTEM TESTS 


3.1 INTRODUCTION 

In the ATS-5 spacecraft, N on P silicon solar cells provide the 
primary source of electrical energy while nickel -cadmium batteries pro- 
vide power during transient loads and solar eclipses. The solar array 
and batteries are divided into two independent solar array subsystems. 

Each main solar cell array directly powers an unregulated bus, 
with a voltage range maintained between -32 to -24.5 volts. The lower 
limit is controlled by bus voltage limiters and the upper limit by a 
battery discharge control unit. Each battery is charged directly by a 
small solar cell battery charge array connected in series with the main 
array. A command-operated bus relay is included in the spacecraft which 
allows inte'^connecting the two unregulated supplies to accommodate 
fluctuating and asymmetrical loads. An automatic featu*e causes unparal- 
leling of the two busses whenever the magnitude of the bus voltage falls 
below a nominal value of about 22 volts. 

The system includes several current sensors which funccion to 
provide the telemetry encoders with voltage analogs of the bus and the 
batterv charge/discharge currents. This power supply status information 
is then telemetered to the ground station. 

A current control unit is included which places a fixed load into 
two additional dedicated bus voltage limiters upon command. Its purpose 
is to provide thermal heating inputs at key locations in the spacecraft 
during the worst-case eclipse conditions, utilizing energy from the battery. 


- 35 - 



The power subsystem is fully described in Reference 6 (see section 
5). Pertinent details are shown in the power subsystem block diagram 
given in Figure 3-1. 

3.2 POWER CONSUMPTION 

3.2.1 Background 

The electrical package loads on ATS-5 are distributed roughly 
equally between the two battery busses. Communication subsystem packages 
are shared between the two busses. For example, telemetry transmitters 

1 and 3 are electrically connected to Bus 1, while telemetry transmitters 

2 and 4 are electrically attached to Bus 2. The basic load packages and 
their bus assignments are given in Table 3-1. 

3.2.2 Test -Activities and Results 

Power consumption tests were conducted at the GSFC ATSOCC by suc- 
cessively turning on electrical packages and noting the corresponding 
change in the appropriate unregulated current bus telemetry word. It was 
soon discovered that the power consumption of the electrical packages on 
Bus 2 could not be accurately measured. This is due to fluctuating 
telemetry readings acquired from Bus 2. The fluctuations are attributed 
to the damage to the aft solar array which resulted from apogee motor jet- 
tison. Thus, ..0 meaningful Bus 2 power consumption results were obtained. 

Bus 1 current telemetry values also fluctuate but the deviations 
are lower in magnitude. Table 3-2 presents a comparison of EOL test 
measured values and prelaunch values for electrical package current con- 
sumption. Some electrical loads were not measured due to possible adverse 
effects upon the spacecraft. 
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FIGURE 3-1 ATS-5 Power Subsystem 
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Table 3-1 

Basic Electrical Package Bus Assignments 


ITEM 

BUS 1 

ASSIGNMENTS 

(ma) 

BUS 2 

ASSIGNMENTS 

(ma) 

Tolemetry Transmitters 1, 3 

190 


Telemetry Transmitters 2, 4 


190 

Telemetry Encoder 1 (PCM) 

115 


Telemetry Encoder 2 (PCM) 


115 

Telemetry SCO 1 

50 


Telemetry SCO 2 


50 

Command Subsystem 1 

100 


Conmand Subsystem 2 


100 

Clock (from Command Regulators) 

15 

15 

Clock (from either bus) 

60 

60 

C-Band Repeater MA Mode 

185 


C-Band Repeater FT Mode 

220 


C-Band Repeater WBD Mode 

240 


C-B-ind TWT No. 1 Filament 

125 


C-Band TWT No. 2 Filament 


125 

C-Band TWT No. 1 High Voltage 

635 


C-Band TWT No. 2 High Voltage 


660 

L-Band TWT No. 3 Filament 

175 


L-Band TWT No. 4 Filament 


175 

L-Band TWT No. 3 High Voltage 

2060 


L-Band TWT No. 4 High Voltage 


1875 

L-Band Driver 1 

300 


L-Band Driver 2 


300 

Current Control Unit 

500 

500 

Subliming Solid Engines 1 and 2 



1) Conditioning Mode 

610 

610 

2) Thrust Mode (first 12 minutes) 

875 

875 

3) Extended Thrust 

680 

680 

4) Shutdown (for both engines) 

35 

35 
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Table 1 

Basic Electrical Package Bus Assignment 
(continued) 


i fEM 

BUS 1 

ASSIGNMENTS 

(ma) 

BUS 2 

ASSIGNMENTS 

(ma) 

Gravity Gradient Regulator 


20 

IR Earth Sensor 


285 

T.V. Subsystem 


380 

Solar Aspect Sensor 


160 

Millimeter Wave Regulator 1 

1580 


Millimeter Wave Regulator 2 

1180 


Third Harmonic Generator Regulator 


50 

Solar Cell Experiment Regulator 


280 

Magnetic Damper Regulator 

50 


Magnetic Damper Coils (each) 

210 


Resistojet Experiment 

420 


Ion Engine 1 and 2 (maximum) 

1450 

1500 

Magnetometer Regulator 

50 


Environmental Measurements Regulator 


250 

EME Bus Power 


33 

3 DME 


300 

ODHE 


140 

2 DIE 


230 

UDLE 


50 

SRB 


130 

EFE 


80 
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Table 3-2 

ATS- 5 Current Consumption 


ITEM 

BUS 1 

CURRENT (ma) 
MEASURED 

(eol) values 

BUS! 

CURRENT (ma) 
PRE-LAUNCH 
VALUES 

Telemetry Transmitters 1, 2, 3, and 4 

t 

190 

Telemetry Encoders 1 and 2 (PCM) 

t 

115 

Telemetry SCO 1 and 2 

t 

50 

Command Subsystem 1 and 2 


100 

Clock (from Command Regulators) 


15 

Clock (from either bus) 

t 

60 

C-Band Repeater MA Mode 

2DD 

185 

C-Band Repeater F[ Mode 

21D 

220 

C-Band Repeater WBD Mode 

24D 

240 

C-Band TWT No. 1 Filament 

12D 

125 

C-Band TWT No. 1 High Voltage 

65D 

635 

L-Band TMT No. 3 Filament 

170 

175 

L-Band TWT No. 3 High Voltage 

ODD 

2060 

L-Band Driver 1 and 2 

t 

300 

Battery Discharge Control 1 and 2 

not testable 

25 

Current Sensors Bus 1 and 2 (Connected to 
battery charge bus) 

not testable 

20 

Current Control Unit 
Subliming Solid Engines 1 and 2 

490 

500 

1) Conditioning Mode 

460 

610 

2) Thrust Mode (first 12 minutes) 

t 

875 

3) Extended Thrust 

t 

680 

4) Shutdown (for both engines) 

t 

35 

Millimeter Wave Regulator 1 

1600 

1580 

Millimeter Wave Regulator 2 

1000 

1180 

Magnetic Damper Regulator 

44 

50 

Magnetic Damper Coils (each) 

210 

210 

Resistojet Experiment 

t 

420 

Ion Engine 1 and 2 (maximum) 

t 

1450 

Magnetometer Regulator 

t 

50 

t Not Tested 
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Examination of the data shows that, most measured values are dose 
to the recorded prelaunch values. The differences may be due to onboard 
analog-to-digital converter components changing values because of age, 
or actual component value changes in the instrument itself. The one 
instrument that was measurable which showed no current drain, was the 
high voltage power supply for the L-band TWT 3. This device failed coni- 
pletely on January 30, 1974 during normal spacecraft operations. See 
Appendix C for a detailed report of the failure. 

3.3. BATTERY DISCHARGE TESTS 
3.3.1 Background 

Battery d’scharge tests are useful to determine the approximate 
amp-hour capacity of batteries. Normally, discharge test results on 
spacecraft batteries are compared to discharge test results of a similar 
earthbound battery. The earthbound battery is a like battery made by the 
same manufacturer using the same technology as the flight battery. Similar 
batteries to that of ATS-5 were monitored and tested for about 11 years 
by the Naval Weapons Support Center, Evalaution Program for Secondary 
Sapcecraft cells in Crane, Indiana. The earthbound testing was discon- 
tinued in October 1978 when on an average 1 to 5 cells failed in each test 
battery. The earthbound test batteries had utilized mid 1960's technology 
and could be used as a standard comparison with many similar batteries 
flown in other satellites launched at that time. However, the earthbound 
test batteries were normally tested with a depth of discharge of about 
40%. It has been approximated that the ATS-5 batteries have normally been 
discharged heaviest during eclipse periods to approximately a 15 to 20% 
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depth of discharge. Since the flight batteries have been discharged 
much more lightly then those of the earthbound test batteries, no immedi- 
ately direct comparison of the two would be reliable. Consequently, the 
discharge tests that were performed on ATS-5 must be evaluated without 
the aid of controlled, standard test results. 

The first battery discharge test was completed 12/08/80 on both 
of the 6 amp-hour batteries on ATS-5. The test was repeated on 12/19/80 
but an undervoltage condition was encountered on battery 1 which resulted 
in a temn nation of the discharge tests on both batteries. Therefore, two 
battery discharge tests were completed on battery 1 while only one dis- 
charge test was completed on battery 2. It is suggested that the under- 
voltage condition on battery 1 was caused by the partial failure of the 
battery; three of the 22 cells have apparently shorted resulting in a -25 
volt battery versus the nominal -2T volts. Additional tests will be per- 
formed at a later date to fully characterize battery performance. 

3.3.2 First Battery Discharge Test and Results 

The first battery discharge test was conducted on 12/08/80. 

Normally, the batteries were indirectly paralleled via ..heir solar busses for 
load sharing purposes. However, during the discharge tests, the solar busses 
were unparalleled. Initially, the unregulated busses had to be loaded 
by turning on electrical packages to first exceed the solar array current 
capacity and second to load the batteries until they were discharging at a 
C/2^ rate. Since the batteries originally had a 6 ampere hour capacity, 
approximately 3 amps of constant load current was drawn from the batteries. 

^ C/2 rate is one half of battery rated ampere hour capacity. 
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Each battery consists of 22 cells and it was assumed that a 
low-end discharge voltage of -1.05 volts per cell could be safely reached. 
This corresponds to a -23.1 volt battery terminal voltage. The test was 
terminated when downlinked telemetry momentarily displayed the low-end 
voltage. 

Figure 3-2 shows a plot of discharge voltage versus discharge time. 
The normal no-load battery 1 voltage before the test started was -28 volts, 
but as load current was drawn from the battery the voltage fell to about 
-27.2 volts as Figure 3-2 indicates. Figure 3-3 is a plot of discharge 
current versus time. The time scales on Figure 3-2 and 3-3 are the same 
and direct correlations can be made between the two. The load current of 
battery 1 seemed to fluctuate during the bulk of the test. It has since 
been determined that this apparent fluctuation is due to non-symmetric 
weakness in the solar cell rnaiti and charge arrays which are supplying cur- 
rent to the unregulate<' bus and battery, respectively (see Appendix H). 

In inspecting Figure 3-3, the numerical average of the discharge 
current for the bulk of the test is 2.3 amperes. The total discharge time 
is approximately 26 minutes. From this, the approximate amp hour capacity 
of battery 1 is as follows: 

2.3 amps x 26 minutes x A — = 1.0 ampere hours 

60 mm. 

Battery 2 was also discharged at the same time battery 1 was dis- 
charged. The same procedure was used on battery 2 that was used on bat- 
tery 1, Approximately 3 amperes of battery current was continuously 
drawn to discharge the battery at a C/2 rate. Figure 3-4 shows a plot of 


- 43 - 



LOAD CURRENT VS TIME 



•«f. 


DISCHARGE TIME - MINUTES 


M 




K. 

<Vl 


M 




ni 




N 

«1 


SilOA - asvilOA Avaiivi 

- 46 - 





battery 2 voltage versus discharge time. Figure 3-5 shows a plot of bat- 
tery discharge load current versus time and denotes large cut rent fluctu- 
ations. These fluctuations are on the order of about 600 mA an-, are the 
result of aft end solar array damage which occurred when the apogee motor 
was jettisoned. As the spacecraft «^->tates and 

the damaged portion of the solar array faces the sun, a current surge from 
the battery is seen. When the undamaged portion of the solar array faced 
the sun, the solar array added power to the unrrjUlated bus which reduced 
battery load and thus resulted in lower battery current dram values. 

The satellite is spinning at a snin period of approximately 765 
milliseconds per revolution and the onboard telemetry updates every 2.97 
seconds. Thus the telemetry from the satellite is "spin" modulated. Add 
to this the 2 minute sample interval factor used tor this disr'narge test 
and the curve of Figure 3-5 is obtained. This curve definitely indicates 
sola.’ panel damage. This rharacteristic was observed more clearly in tne 
second discharge test. 

The average current used to estimate the amp-hour capacity of bat- 
tery 2 was obtained by numerically integrating under the curve of Figure 
3-5. The estimated amp-hour capacity was then calculated as follows: 

1.7 amps X 66 minutes x A = 1.9 amp-hours 

60 mm. 

3.3.3 Second Battery Discharge Test and Results 

On 12/19/80, a second battery discharge test was conducted. This 
discharge test was planned to duplicate the conditions of the first test. 
Ha(*ever, an undcrv^ltcge condition was reached on battery 1 which resulted 
in an immediate termination of the discharge tests. Since the discharge 
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data on bdttery 2 v;as incomplete, results are not presented here. How- 
ever, battery 1 discharge data is complete. 

Figures 3-6 and 3-7 show battery 1 voltage and current respectively 
versus time. The elapsed time scale is the same on both plots so a direct 
comparison can be made. As can be seen in Figure 3-2, the battery 1 volt- 
age dropped at least 0.6 volts with even mild (50 milliamp) loading. As 
In Figure 3-7, there was about an 18 minute delay ^rom the time the 
battery was initially current loaded until it was fully loaded at about a 
C/2 rate. This 18 minute delay was required to execute the proper commands 
in order to load the spacecraft busses for the discharge test. When all 
the electrical loads were finally on, the spacecraft was allowed to dis- 
charge without disturbance for an additional 47 minutes. The discharge 
current shows a steady decrease as time progresses. This is probably a 
function of the regulatori of the individual electrical loads on the space- 
craft. From Figure 3-7, a capacity estimate can be made for battery 1. 
During the 18 minute low discharge period, an average of 0.8 amperes were 
being drawn from the battery. During the 47 minutes C/2 discharge rate, 
the numerical average of the current being drawn was 2.C amperes. Thus, 
the capacity of battery can be approximated by: 

(O.B amps) (18 minutes) + (2.0 amps) (47 minutes) =1.8 amp-hours 
60 minutes 60 minutes 

1 hour 1 hour 

The calculated 1.8 amp-hour capacity is consistant with the previous 1.0 
amp-hour capacity result acquired in the first discharge test as follows: 

Figure 3-2 may be redrawn so as to extrapolate the curve to the 

trip point of -22 volts; thus showing an additional 30 minutes 
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of discharge time (see Figure 3-8). At an average discharge 
current of 2.3 amperes, an additional 1.2 ampere hours Is added 
to the previously der d figure of 1.0 amp-hours. Thus, from 
Figure 3-2, an extrapolated capacity of 2.2 ampere hours down 
to -22 volts Is shown. This compares closely with the 1.8 ampere 
hours measured from the second discharge test on battery 1. 

In consideration of the differences between the first and second 
discharge tests on battery 1, It Is estimated that battery 2 has as much 
a 3.0 amp-hour capacity. 

3.4 SOLAR ARRAY PERFORMANCE 

As discussed in Para 1.2, ATS- 5 went into a "flat" spin after the 
Apogee Motor Burn (spacecraft spinning about an axis normal to the Z ?''.is). 
Since the apogee motor was actually mounted somewhat "Inside" the S/C 
structure, it was inevitable that the motor would Impact the spacecraft 
case during the apogee motor jettison. This Is because jettison Is accomp- 
lished by moving the apogee motor along the Z axis. The release mech- 
anism cannot move the apogee motor fast enough to avoid Impact with the aft 
end 'yf the spacecraft as It spins, thus causing damage to the aft solar 
array (solar array #2). The damage has not adversely affected operation of 
the aft solar array as it continued to charge battery 2 and supply power to 
unregulated bus 2. The results of the damage can be seen as fluctuations 
In the battery 2 bus current when It is under load. Such a condition occurred 
during the discharge test. Figure 3-S is a plot of battery 1 and 2 current 
versus time. The data is from a rawdump of telemetry data when the two 
batteries were loaded to approximately a C/2 rate. Every 2.97 seconds, the 
telemetry updates. Every 765 milliseconds, the spacecraft rotates once. 
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Therefore the spacecraft completes 3.88 rotations between telemetry 
updates, with the sun illuminating a different portion of the solar array 
each time the telemetry is updated. From the foregoing, it is determined 
that each data point represents approximately -43° of spacecraft rotation. 

This provides a means of determining the periodic current versus 
time characteristics form the data shown in Figure 3-9. The lower scale 
gives the actual data sample times, the upper scale shows the approximate 
waveform per spacecraft rotation. The plot shows the effect of damage and 
weakness of each solar array. The low points on the curves indicate that 
the solar arrays are strongest at that point. The maximum elements of the 
curves indicate where the solar array was damaged or weakened and thus more 
battery current must be drawn. 

Figure 3-9 indicates that solar array 2 shows greater current 
variation than that of array 1. This is to be expected since the aft 
solar array (array 2) is the one that was damaged. The current variation 
noted in solar array 1 could be due to degraded strings of cells within 
the array or possibly by damage to a lesser degree by the impact with the 
apogee motor. 

The forward array maximum current capacity has been measured to 
be approximately 2.1 amperes. The aft solar array maximum current capacity 
has been estimated to be approximately 1.7 amperes. Both values were deter- 
mined from test data on 5 December 1980 at a sun angle of 68°. Normalizing 
the foregoing values to a 90° sun angle (as would occur at equinox) yields 
normalized values of 2.26 and 1.83 amperes for the forward and aft arrays, 
respectively. Using the normalized values for the present capability and 
an original capability of 4.4 amp for each array, the forward solar array 
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demonstrates a 49% degradation and the aft solar array depicts a 58% 
degradation from the design current capacity. The estimated degradation 
is 40%, determined as follows: 

Some data relating to solar array performace in synchronous orbit 
was collected on ATS-5 by L.A. Gibson of the Aerospace Corporation. From 
this information, the solar cells of ATS-5 degraded about 4% due to initial 
travel through the Van Allen Belt. In August of 1972, a large solar flare 
occurred which slightly damaged the solar cells of all spacecraft. The 
recorded damage reduced the ATS-5 solar cell maximum power by about 3% 
(references 8 and 9). Additionally, the power loss estimated on the basis 
of trapped electrons is 3% per year for similar ATS-5 technology solar cells. 
By combining these factors, one can make a first order estimate of the solar 
cell power degradation as follows: 


Year Precent Loss 


Cause 


1969 

1972 (August) 
1969-1980 

TOTAL 


4% Van Allen Belt Passage 

3% Solar Flare 

3.3% (0 3%/year) Trapped Electrons 

40% 


This 40% predicted degradation can be used as a basis for the com- 
jsrison of the 49? forward array capacity loss and the 58% aft array current 
capacity loss. Considering the forward array, the estimated and sun angle 
nomalized values differ by 9%. The difference could easily be accounted for 
by additional solar flares which have occurred since August of 1972 (only 3 
flares ol that same magnitude would produce the observed effect^ Additional 
causes of power loss can be a possible deposition of a contaminant on the 
cell cover slides and low energy protons entering from the edges of the cells 
or from the back of the cell through Kapton fiberglass substrate (Reference 
10). Considering the aft solar array the predicted loss value and the measured 
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loss value differ by 18%. The reason for the difference may be the same as 
those for the forward array In addition to the physical damage which 
resulted from the collision with the apogee motor casing during jettison. 

A series of tests were performed from which solar bus current 
dwell telemetry was obtained for solar bus 1 and 2. The data Is presented 
In Appendix H and clearly shows the result of the damage solar cells. 

4.0 GRAVITY GRADIENT TVCS TESTS 

4.1 BACKGROUND 

The gravity gradient television camera system (TVCS) consists of 
a camera unit and an electronics unit. The original purpose of the TVCS 
was to provide observations of the dynamics of the primary booms. The 
camera provides a standard 525 line raster which can be displayed on 
commercial TV monitors. 

The camera unit contains the videcon tubes. Its associated 
circuitry, and the horizontal deflection, blanking, beam current, and 
vidicon protective circuits. A protective sun shutter, also provided, 
is mounted on the camera unit. 

An electronics units contains all necessary circuitry to process 
the video signal generated in the camera. The video output of the camera 
system can be channeled directly to the spacecraft wideband C-band trans- 
mitter for downlink transmission. See Reference 7 for a full description. 

4.2 TESTS AND RESULTS 

Tests were conducted In August 1980 to determine the status of 
the TVCS. To ensure sun shutter closure, the end of the test was to be 
performed while the spacecraft was eclipsed by the earth. This was neces- 
sary to ensure sun shutter closure using the automatic sun shutter con- 
trol electronics. 
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After eclipse, the TVCS was again turned on in an effort to 
obtain a stronger signal and thus a clearer picture. These efforts 
failed as no picture quality improvement was seen. At the end of 
the TVCS test, it was discovered that the sun shutter was not oper- 
ative. Thus, the sun shutter had to be left open when the TVCS was 
finally shutdown. However, the damage to the videcon tube due to sun 
exposure will be minimal. It was later conjectured that the failure 
of the sun shutter was due to the spin of the spacecraft. The sun 
shutter was not designed to operate on a spinning spacecraft tnus the 
sun shutter actuator cannot overcome *^^he force of spin and consequently 
cannot close. 

A final test of the TVCS was made in November 1980. There was 
no apparent degradation of picture quality and thus no damage to the 
videcon tube due to occasional solar view. 

It was suggested that the TVCS be used if possible to observe 
boom deployment after ATS- 5 is deorbited. However, accurate measured 
quantities of boom deployment should not be expected from the avail abl 
video downlink. It may, however, be possible to derive qualitative 
information on the Gravity Gradient System by utilizing the TVCS. 


- 58 - 



5.0 


REFERENCES 


1. ATS-V Post Launch Report (Preliminary), GSFC, 1969 

2. L-Band Performance Characteristics of the ATS-5 Spacecraft, 
NASA/GSFC X-731-70-51, FEB, 1970 (Revised May 1970) 

3. Application Technology Satellite ATS-E System Description 
NASA/GSFC S- I 1-037, AUG, 1969 

4. Spacecraft Communications Subsystem, ATS-E Specification 
NASA/GSFC S2-0131, April, 1969 

5. Hughes Aircraft Company, ATS-5 Long Form Tests, May, 1969 

6. ATS Series Vol. 2 Systems and Technology, NAS 5-21548, 

July, 1973 

7. ATS-E Gravity Gradient Orbit Test Handbook, NAS 5-9042, 
July, 1969 

8. B.F. Anpauth, "ATS-5 Solar Cell Experiment after 699 days 
in Synchronous Orbit," Conf. Rec. of the 9th IEEE Photo- 
voltaic Specialists Conf., 308, 1972 

9. B.E. Anpauth, "ATS-5 Solar Cell Experiment after 6>s years 
in Synchronous Orbit," Conf. Rec. of the 12th IEEE Photo- 
valtaic Specialists Conf., 191, 1976 

10. h.Y Tada, J.R. Carter, Jr. "Solar Cell Radiation Handbook" 
NASA-JPL, November, 1977 




- 59 - 


APPENDIX A 


C-Band Antenna Patterns 

This appendix presents C-band planar array and omni transmit antenna 
patterns measured October 27, and 28, 1969. The data includes calibration 
measurements and stripchart recordings which are used for comparison 
purposes in the C-band EOL experiments. The omni antenna pattern shows 
the effect of the RF leakage through the C-band antenna select swit h. 

This effect is further detailed in Appendix B. 

Scope 

The planar array antenna pattern, with its corresponding calibration 
curve, is presented in Figure A-1 as a stripchart recording and was measured 
on October 27, 1969. When the same antenna pattern was measured on 
October 28, 1969 the omni antenna pattern was also recorded on a strip- 
chart as shown in FigureA-2. This pattern was the result of RF leakage 
through the C-Band antenna select switch. 


A-1 







APPENDIX B 


RF Antenna Select Isolation 

’"his appendix consists of the following documents. 


Page B-2. B-3 

Letter from Hughes Aircraft Company to NASA/GSFC detailing 
the RF switch and Its effect on the C-Band and planar array antennas. 

Page B-4 

Stripchart from an FAA/BOEING Test completed March 9, 1972 showing 
the effect of the leakage In the C-Band receive antenna select switch. 

Page B-5 

Discussion explaining basic geometrical considerations in deter- 
mining position of pulls In the C x L antenna patterns using the omni 
antenna. 
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HUGHES AIRCRAFT COMPANY 

ACROaPACE CROUP 
•PACK •VS'CMSI DIVISION 
n. •COUNDO. CALIFORNIA 


13 March 196B 


IN REPLY REFER TO: 

68H(22)3017/A3498 

SUBJECT: Oicni/Planar RF Switch Leakage 


TO: 


ATTENTION: 


National Aeronautics and Space Administration 
Goddard Space Flight Center, Code 460 
Greenbelt, Maryland 20771 

Mr- Don V. Fordyce 
Spacecraft Manager 

Applications Technology Satellite Project 


REFERENCE : 


TWX from D. V. Fordyce dated 7 March 1958, 
Subject: OTini/Planar 3 db Variance 


The test data for omnidirectional antenna patterns taken on F-4 show an increase 
in power of approximately 3 db when the planar array comes into view of the test 
receiving antenna (for about 2C degrees). The reason for this is that the 
RF switch used to s.elect between the planar array and the omni antenna (Figure 1) 
does not have perfect isolation. When the omni is selected a signal approx- 
imately 20 db down goes to the planar ar.ray. When antenna gains and cable losses . 
are considered the following situation exists. 

Repeater 1 ^ Repeater^^ * 
f t Tw T| (d b m) ' I 




Omni Antenna Selected: 


Planar Array Selected: 


ERF of the omni is 
ERP of the planar io 

ERF of the omni is 
ERF of the planar is 


+32.9 

+33.6 ’ 

+31 

+32 

+13 

+13.5 

+50.9 F 

+51.6 


The power loss due this low isolation is about 0.1 db so that the ERF of the 
spacecraft will not be impaired and as the test data shows, the valves obtained 
are 0.5 and 1.2 db above the spec, values for planar array. 

This isolation characteristic is one which is due to the design and not to a 
defective RF switch. Antenna patterns will be checked again during the final 
long form t«st to verify that the system has not degraded during environmental 
testing. 

J. P. Wrzesinski, Manager 
Systems Engineering Department 
Applications Technology Satellite Program 


JFW.'LCMartinson :rm 










FAA/BOEING TEST 
ATS-5 85' Dish Uplink 
C X L Mode 125 mm/sec 
C-Band Omni Antenna 

Main lobe distortion is due to feed through 
in the C-Band antenna select switch 
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Analysis of Antenna Nulls 


The C X L antenna stripchart on page B-4 demonstrates the effect of 
spacecraft rotation on the production of nulls when the omni antenna is 
used in the C x L configuration. The spacecraft was designed to be gravity 
gradient stabilized. Thus the conmunications subsystem was designed so 
that both the planner array and the omni antenna receive an incident C-band 
wavefront in phase while in the orientation shown below. 

Wave cancellation occurs when the received wavelengths are 180° apart 
this happens in *5 X periods. At 6212.094 MHz, h X = .95 inches. 

C-Band 
Wave Front 



Planner Array 
Omni Antenna 


ATS-5 Top View NOTE: S/C radius = 56.6" 

As the spacecraft rotates, a point is reached where the distance between 
the planner array and the omni antenna differ by H wavelength. By referring 
to tho above diagram and applying standard trigonometric principles, the 
angle of a X rotation calculates to be-14.8°. In an analysis of the 
C X L stripchart of page B-4, the nulls occur at a spacecraft rotation of 
20 degrees. These angles compare closely considering the probable errors 
resulting from the lack of spacecraft attitude information in .;he calculations. 
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APPENDIX 


r* 


L-Band Receiver Malfunction 

This appendix presents the only known chronicle of the L-band receiver 
malfunction on ATS-5. 

Pages C-2 thru C-15 

Report of L-band repeater malfunction and events through 16 May 1972. 
Page C-16 

Report describing L-band receiver faulure occurring in August 1974. 
Page C-17 

Report describing the events leading to the last and apparently final 
malfunction of the L-band receiver. 
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RFPORT CN ATS-5 L-BAI^D RtPEATSR MALFUNCTION 


IMTRODl'CnON 


This report contains the history to date of the L-band repeater malfunction 
together with as much background as is required for an understanding of the pro- 
blem. Tlie report is divided into the following sections: 

1. Repeater Description 

A. Modes of Normal Operation (Nomenclature) 

B. Block Diagram (Input Fwr. Monitor) 

C. Characteristics (Frequency, BW, Pwr. input required fcr Saturation) 

2. History of Malfunction 

A. Summary 

B. Detailed Description 

3. Characteristics of Malfunction Mode 
A. H.A.C. Simulation 

5. Conclusions 


Original report dated 8/23/72 
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Rei>eater Description 
A. Modes of Operation 

The L-band repeater normally is capable of operation in one of six 
modes as follows: 

Wideband. Frequency Translation (FTWB) 

Spacecraft receives at L-band, down converts to an IF frequency cf 
approximately 67 MHz, and then upconverts to the L-band transmit fiequoncy. 
There is no remodulation in this mode. The full repeater bandwidth V25 
(MHz) is utilized for this mode. 

Narrowband. Frequency Translation (FTNB) 

Same as FTWB except that a 2.5 MHz filter is in the IF and an additional 
10 dB of IF gain is provided. 

Single Sideband to Fregoency Modulation Mode (SSB/FM) 

This is a remodulation mode in which the uplink L>band signal is 
linearily amplified in the S/C, and down converted to baseband (500-600 
KHz). The baseband signal is used to freouency modulate an onboard voltage 
controlled oscillator (VCO) which has a nominal center frequency of 67 MHz, 
The VCO output is heterodyned to L-band for retransmission. 

Wideband Data Mode (WBDM) 


In this mode the onboard VCO provides the Jource for the downlink 
L-band signal. The input to the VCO is selected from one of four on- 
board experiments: Gravity Gradient TV (GGTV), Millimeter Wave Experi- 

ment (MWE); L-band front end (L-band), or Infa-red Earth Sensor (IRES). 
If the selected experiment is not powered, then the VCO will free run 
with no modulation, thus providing an unmodulated L-band source (in 
this discussion the free running, unmodulated VCO configuration will be 
referred to a WBDM). If the L-band is selected, then the SSB/FM con- 
figuration is obtained (when the L-band front end is energized). 

L-Band to C-Band Cross-strap (LXC) 

This mode is identical to the SSB/F>1 except that the received base- 
band signal (500 to 600 KHz) is used to FM the C-band repeater VCO in 
lieu of the L-band VCO, 

C-BanJ to L-Band Cross-strap (CXL) 

The uplink C-hand signal is down converted to IF, and routed to the 
L-band upconverter to provide the downliik. 

B. Repeat* r Characteristics 
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The repeater characteristics are a. follovvs: 

I'lNB FlWB SSB/FM 

WBDM 

LXC 

CXL 

Uplink Freq.lMH/) 

1651.50 

1651.02 

1650.55 


1650.55 

621*^.94 

Downlink Freq. (MHii) 

1550.48 

1550.00 

1550.48 

1550.48 

4119.60 

1553.79 

BandwidthlMIIx) 

1.5* 

25.0+ 

0.1 

6.0 

0.1 

6.6* 

Saturated Input(dbrn) 

-83.0** 

-73.0 

-93.0 


-93.0 

-80.0 


*Front end saturated 

**liicrease of 2 db uplink pwr. produces 1 db increase in downlink pwr. 
Refer to Figure 1 for saturation curves. 


C. Repeater Block Diagram 

Referring to the block diagram, it may be seen that four modes (FTl'fS, 
FTNB, SSB/FM and LXC) all share a common L-band front end, downconverter , 
and IF amplifier. It is these modes which are inoperable when the mal- 
function is present. As seen in the block diagram, all five L-band down- 
link modes share a common post amp (at IF) as well as the liraiter/amp. 

The limiter amp, prior to limiting, provides a sample of the signal which 
is detected and encoded for PCM telemetry to the earth station. Normally 
RCVR front end noise will cause an octal readout of 001 or 002 when the 
S/C is in the FTNB mode, thus providing a means of qualitatively determining 
from PCM telemetry if the L-band RCVR is operating normally. 

One further poiiit concerns the switching mechanism. The VCO select 
switches are mechanical, all other switching is performed with diode 
switches. The diode switches are used to apply (or withold) DC bias 
voltage from various transistor stages. 

2. History of Malfunction 

In this discussion the terminology repeater ON or OFF refers to D.C. power 
applied to (or withold from) appropriate modules. 

A. Summary of Events 



DATE 


RCVR STATUS 

27 

Oct. 

70 

First indication of 
malfunction 


Oct. 

& 

Malfunction reoccurred 


Nov. 

70 

and cleared several 
times 

04 

Nov . 

70 

Malfunction reoccurred 

09 

Nov. 

70 

Malfunction cleared 


COMMENT 

Malfunction was cleared by 
commanding S/C RPTR On /Off 
Malfunction was Increasingly 
difficult to clear 

Malfunction could not be cleared 
(several cmd sequences were used) 
Malfunction cleared during a S/C 
test, '’.oturn to norm .1 c 'or ti '. 

occurred 10 mins, after execution 
of a S/C cmd (C-band hi-lo select). 
The exact time was determined 
from PCM. RP^^ was left in "On" 
configuration 
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25 May 71 


01 Jun 71 


Malfvmction rcoccurred 


Malfunction cleared & 
reoccurred 


The main difference between this 
reoccurrence and otliers is that 
in this instance the malfunction 
occurred while the repeater was 
energized (.the repeater has re- 
mained energize"^ since 9 Kcv. 70), 
Malfunction cle- ed for approx. 

30 mins, (as indicated by PCM). 
Malfunction reoccurred before 
ground station could verify 
status with L-band measurements 


22 Jul. 71 

07 Sept. 71 

08 Dec. 71 
26 Jan. 72 


28 Jan. 72 


24 Feb. 72 


16 May 72 


Malfunction cleared 

Malfunction reoccurred 

Malfunction cleared 
Malfunction reoccurred 


Malfunction cleared 


Malfunction reoccurred 


Malfunction Cleared 


Malfunction cleared by itself 
(th' S/C was not being coionar.ded) 
No S/C operations or PCM recoruiu; 
was being performed at the time. 
Cleared during normal S/C oper .tic 
The RPTR was inadvertently turned 
Off, and the malfunction was pre- 
sent when the S/C was commanded 
back On. 

The malfunction cleared during 
a S/C investigation test. Time 
of clearing was 5 mins. 11 secs, 
after the last cmd. At the time 
the o/C power system was heavily 
loaded and it was possible foc 
the first time to accurately 
measure load currents. When the 
malfunction cleared, the bus 
current increased 230 raa, which 
is approximately equal to the 
repeater nominal load current. 
RPTO was OK at 2351:40 on 23 Feb. 
when switched to WBDM for l.P. 
test. Next Q.L. at 0536 showed 
reoccurrence of malfunction. 
Malfunction cleared sometime be- 
tween 15/1241 and 16/0303. 


A plot of failure occurrence vs. time, temp., and sun angle is shown in 
Figure 1. No correllation has been established. 


C-5 



B, Detailed Description o£ Events 
Oct ♦-Nov. 1970 


After operating satisfactorily for over a year, an apparent nalfunctivin 
occurred in the S/C L-band receiver. The malfunction was first experienced 
OllOZ 27 October 1970 when a signal could not be passed through the S/C in 
the FTWB mode. The problem cleared after turning off the L-band repeater 
and bringing it up again. 

The problem reoccurred 22302 27 October when the L-band repeater was 
turned on for another test (again in the FTWB mode). The problem cleared 
when the repeater was shut off and turned on again. The malfunction ra- 
occurred 22002 28 October when the repeater was turned on (this time in 
the FTNB mode). The problem cleared with no S/C commands being sent. The 
problem did not reoccur until 22302 29 October even though the S/C was 
operated in different modes, and the re[3eater was turned on and off several 
times. When the malfunction reoccurred 22302 29 October, the S/C wac in the 
FTWB mode and several combinations of mode changes and on /off sequences ciiJ. 
not clear the problem. Later the same evening the S/C operated normally. 

A similar performance was observed 30 October with the malfunction first 
occurring during an "Off" to "On" configuration of the L-band repeater. 
Several mode changes and S/C repeater On/Off commands were urisucces’^ful in 
restoring normal operations. The problem then cleared for subsequent tests, 
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Normal L-band operation was obtained 31 October, and 03 November. 

The malfunction reoccurrcd 04 November and could not be cleared. Several 
command sequences were ejcecuted over a period of several davs in an effort 
to clear the malfunction. None was successful. The problem cleared it- 
self 09 November 23:18.43. The exact time (within 3 seconds) was determined 
from PCM data which was being recorded at that time as part of a special 
L-band investigation test. The return to normal operation occurred 10 
minutes after the execution of a C-band hi/lo select 'omraand and is thus 
not associated with a command execution. 

The repeater was in the WBDM when the fault cleared. It was switched 
to the FTWB mode where it remained for several weeks. Also, the repeater 
was kept in the "On" condition (the TWT amplifiers were turned on and off, 
as required, but the L-band receiver was left on). 

After operating in the WBFT mode, the S/C mode was successfully chanced 
to all other modes. The repeater, however, was never turned off (uvitil 25 
May after the malfunction again occurred). 

May-June 1971 

The ATS- 5 L-band repeater experienced a malfunction similar to the 
malfunction which occurred during October and November of 1970. The pro- 
blem was manifest in a loss of gain in the L-band receiver t.'O' t end, thus 
causing the FTNB, FTWB, SSB/FM, LXC cross strap modes to be inoperable. 

The WBDM and CXL cross strap modes operate normally. 

The main difference between this malfunction occurrence and those of 
1970 is that in this instance the malfunction occurred while t* oeater 
was energized (the repeater had remained eneigized since 9 Novi, 1970 

when the malfunction last cleared. The malfunction was first re... ^.nized 
as having occurred 25 May when the FAA reported that they were not receiv- 
ing a signal through the S/C (FTNB mode). Several On/Off and mode change 
sequences were performed in an effort to return the S/C to normal operation. 
None of the sequences allowed the receiver to be Off more than a few minutes. 

On 1 June a sequence was begun which allowed the receiver to be Off 
for two hours, then turned On. The second time the sequence was performed, 
the repeater came up in what was apparently normal operation (PCM telemetry 
indicated 001 on data tag 43, indicating that the L -band receiver front 
end noise was being detected by the signal strength monitor). The Mojave 
station was Immediately requested to bring up their L-band transmitter so 
that quantitative measurements could be performed, however, the malfunction 
reoccurred before such tests could be made (the malfunction was cleared for 
about 30 minutes). PCM telemetry conf-'rmed that a signal level equivalent 
to front and noise had been received from22:56:25 until 23:28:03 (31 mins, 
and 38 secs.). The reoccurrence of the malfunction was not associated with 
any mode change or comnanci. Numerous similar mode change and On/Off sequences 
were performed to no avail until 22 July, when the malfunctic)n cleared. 
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July 1971 


The L-b.nnd receiver rar' Ifcnction cleared during the A.M. of 22 July 
(PCM recording was analysed to determine the exact time). 

A test was performed P.M. of 22 July to quantitatively characterize 
the L-band repeater in various modes. 

Canada (CRC) radiated L-band from Ottawa and A.l T. received the 
downlink L-band signal at Wallops Island (A. 1.1. was currently performing 
a C to L-band cross strap experiment and had two receiver systems set up 
at Wallops). The tests shov;ed that the S/C was opf ating essentially 
nominally in the FTNB mode (saturated power output is obtained \’ith nominal 
input level, and nor inal 2.5 MHz. BW was achieved). The S/C was switched 
to the FIVE, WBDM ano cross strap modes voith no difficulty. The ruode was 
switched to FTNB and nominal performance was achieved. 

Sept, 1971 

The L-band receiver on ATS-5 experienced a malfunction 7 Sept, t the 
exact time is not knovni si"'e PCM has not been recorded). The nalfunct.o.i 
indication was observed on PCM telemetry (data tag 043 dropped to 000). 

A test was performed 8 Sept, with Canada (CRC) monitoring the L-band down- 
link with the S/C in the L-L, MA mode. No front end noise was observed, 
indicating a loss in gain of at least 30 to 40 db. 

Dec . 1971 


The L-band receiver front end came on 8 Dec. (DT 43 read 002 octal). 

The S/C had been configured in the WBDM for the IP test. At 0000:20^1. hu 
S/C was commanded into the FTNB mode. At that time the PCM showed C02 icr 
DT 43, thus indicating normal operation of the L-band receiver. A test vs 
performed by CRC and MOT (Canada) to checkout the S/C characteristi ci, • Pre- 
liminary results show nominal S/C operation in the FTNB mode. After the 
Canadian test was completed, the S/C was put into the L-CX strop mode. 

Rosman detected approx. 1 db carrier suppression of the C-band ctowTiljn^ 
due to L-band receiver front end noise; this is nomlral for noriiial opcraiien. 


Jan. 1972 


The L-band receiver was inadvertently turwed off 26 Jun. at 0015; ?5 
when Cmd. '74 (L-band xpndr off) was sent instead of Cmd, 3)2 (L-banJ ..mt r 
off). The 374 Cmd. is an interlocked cmd., hov«ver, the interb ■ ’Kt at 
Rosman had been bypassed due to relocation of the MCC which •••oe ; c 

out as part of the AIS-F GSl. The repeater was iimioJiat ely hr. u v..,ck 

up in the FTWB mode and then SHfitched to thu WBDM for the I.P. test. The 
repeater stayed in the WBDM until 04017 when was switched to the tTNB mode. 
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At th^s time it v.'as by L’fM that DT A3 WdS OCX.', indicating that the 

S/C receiver moliimctlou h.-d icoccurred. A test was performed 26 Jan. 
which verified the malfunction had occurred. aft*»r which repeated attempts 
to clear the malfunction vjcr-' made during the i>ext two days by turning 
the repeater Or./Off and switching between FINP, FiWB and WBDM ncdes. 

Another test wa^ performed 2d Jan. using Canada (CRC) radiating to 
the S/C, and the L-br.rri mobile at Rosman receiving. The test was to deter- 
mine the extent of the S/C loss in the FfFB and SSB/FM modes. In the midst 
of the test, rhe PCM indicated that the receiver malfunction had cleared. 

A subrequont chock of the PCM (v;hich had been recorded throughout the test) 
showd thac the malfunction cleared at 20:4A:372 which was 5 r.ins. 11 secs, 
after the last ctad. to the S/C had been executed. The repeater BW and 
linearity was then measured in the FTNB mode and the sensitivity was "•easured 
in the SSB/FTI mede. Both tests confirmed noiainal operation. 

At the time the malfunction cleared, Tli/T 3 and A were both on, thus 
both S/C bafcciies were being discharged. This provided an opportunity 
to measure tie lord :urrent fairly accurately before and after the malfunction. 
The total load current increased 0.25 amp when the malfunction cleared. 

The nominal lo- ■’■ent for the FT mode is 0.2 amp thus indicating that 
little or no .... was being used by the receiver in the fail' re mode. 

This aspect of the problem v'iii be investigated further. 

Feb. 1972 


The L-band revr. malfunction reoccurred sometime between 23/2351 :A0& 
and 2A/0536. The exact time is not known. The sequence of events 
follows; 


TIME 


EVENT 


COMMENT 


23/2351 :A0Z 
2A/0A00:00 


RPTR switched to WBDM 
frou FTNB 

Stop PCM recording 


2A/0A00;A5 

2A/^A01:05 

2A/0536 


XMTR Off (crad. 312) 
RPTR Twitched to FTNB 
Q.L. recorded 


DT A3 reads 002. Prior to 
Cmd. execute (per PCM), 

PCM recording stopped to support 
ATS-3 eclipse. 

TWT turned off after l.P, test. 
No reading was made of DT A 3 . 
First indication of malfunction 
occurrence . 


PCrl provides an indic ttion of the RPTR condition (malfunction ci cleared) 
only when the RPTR is in the FlNb mode; thus the PCM recordings from 23/2351: 
AO to 2 ' 4 /OAOO :00 provides no clue as to the time of the malfunction. 

CRC (Canadd) monitored the I.-band downlink while the S/C was in the 
WBDM and Lh:; L-band front end was severed. If the S/C was operating nor- 
mally, noise sic’.ebar.d.s approx. 10 db dowri from the carrier should have been 
visible v: t'. c.a.rier --uppression of ap’p’'ox. 2.2 db i.CRC reported possible 
supprossU .'t 0.2 db, lun’aver signal .VoS r.oisv). 
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The Westinghouse transmit/ receive terminal (Baltimore, 1*d.) was used 
25 Feb. to further confirm the malfunction. Westinghouse transmitted 200 
watts (10 ft. dish) which Is sufficient to saturate the L-band front end 
(In normal operation) In the FTNB mode. No downlink was observed (S/C 
with 2 TWTs), thus Indicating S/C gain was down at least 25 dB (the West- 
inghouse terminal normally has a 25 to 30 dB (C+N)/N). 

The tests performed by CRC and Westinghouse, as well as S/C PCM, 
all indicate that the S/Cwas in the failure mode. 

May 1972 

The malfunction cleared sometime between 15/1241 and 16/0303. The 
exact time is not known. A PCM Q.L. taken at 16/0303 indicated that the 
front end was In the FTNB mode Subsequent RF tests verified normal oper- 
ation. The sequence of events proceeding the return to normal operation 
was as follows: 

13/0600-15/1241 S/C In FTNB mode. PCM recording Indicates malfunction 
present. 

15/1241-16/0005 S/C in CXL mode for FAA/Boeing Test. PCM cannot pro- 
vide indication of L-band receiver status (whether or 
not malfunction is present). There were some S/C con- 
figuration changes during this period in support of 
test. 

16/0005-16/0301 S/C is VBDM for IP Test. PCM cannot provide indication 
of L-band al function status. 

16/0301 S/C switched to RNB mode. PCM Q.L. indicates tnal- 

functlon cleared. 


G-10 



3 


Ciiarrtcteristi cs ot MairuncLion Modi' 


The charactoris; tcs of the ATS-S L-band repeater when opex.vllng in tia* 
malfunction conditi-n are as follows: 

a) F lAi’b ILXl-/ i\'o detectable signal through S/C with max. grouixl trarsmittcr 
power of 1 (-S3 dbm at S/C). 

(LxL) Signal level depressed approx. 3^ db. S/C not usable for 
experiments. 

c) WBDM (L-band downlink only) Normal operation. 

d) S SB/FM (lXL) Multiple access iiuxie sig..al level depressed approx. /*? 
ab (based on LXC measurements) S/C not usable. 

L X C Cross-strap (SSB/l'M) Signal level depressed approximately U2 ob, 

S/C not usable. 

C XL Cross- strap (FM/FM) Normal operation. 

From the above, it may be concluded that the pain decrease due to tiv mal- 
function is approximaLoly 39 to 42 db. This correlates well with the decr.Mso 
in gj>in of 40 db measured November of 1970,* The foregoing measurerae:i* s ire 
probably only accurate to within 3 or 4 db. 

Osing the LXC mode, it was possible to measure the decrease in front end 
noise which apjiears at the VCO input when the L-band receiver is selected. 

Ihir. decrease was measured to be 20 db (identical to the decrease in fnnt end 
noise measured November 1970). 

4. Hughes /Vircraft Company (HAC) 

HAC utilired the ATS-5 breadboard mixlulcs to perform tests to simulate 
various module failures. The simulated failure involved removing D.C. gowr 

♦Another measurement made ho'ember of 1970 showed the decrease in gain in the 
UNB mode to be about 25 db. This measuror.ient has been repeated and mw in- 
dicates a 39 db loss lu gain. 
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ir.\-n tho motlule (in one case vlic L.ti. rignal was remov-’d ) . Following is a 
sui.uuary oC Llie oimulnt.i'.’ii rosulLo: 


NOlSn I’WR 


h.ODiri.h. 

C \lN'(c’.b) 

N.F.(db) 

(DBM/MIlz) 

TDA 

15 

5.5 

-109 

b.r. Filler 

-.5 



Mixer 

-7 



P; e <\rap 

23 to 25 

4 

-110(-120 due to TDA) 

ALtenuator 

-5 to -6 



IF Amp 

23 to 25 

6 

-108(-84 due to TDA, 


-92 due to Pre 
Amp) 


MeasuiPtnents ^vre made of beacon to carrier (B/c) and carrier to noise ( C/N ) 
ratii'S with various .nodules energized as folli'ws (i->nly one mixiule was de- 
energized at any one time). 

B/C C/N 

COa’FlGl-RATION(IKri:r-73 dbra) (db) (dh^ COMMENT 

Normal, eve !-y thing on -18 42 


TDA Off (DC removed) -13 

Pre Amp Off 

L.O. Removed 
Post Amp Off 
5. Coiiclusions 


30 Carrier dropped 4 db. Noise 
drops 13 db. 

Carrier completely disapi>ears 
(gain down at least 42 db). 
Noise is same as norma’ . 

Noise drops 20 db. 

Lose both signal and noise. 


Measurements made with the S/C in the malfunction mixlc were compared with 
normal operation conditions ( pre -measured ) , as well as with the HAC simulation 
measurements. By measuring the decrease in gain and the decreasi in front end 
noise, it is possible to make an educated guess as to which module may have 
experienced the malfunction (assuming that the malfunction is due to loss of 
DC power ana not due to a transistor being shotted, or open or a thousand other 


pi' 

a) 


b) 


sible failures not simulated). 
L<. ss o f Local Osui I l at.-r 


Ihe o!'*serve<i lircrca;*!' in front end n^'is^' cf 20 db correlates exact 
the H \C s.mul.lii'i oj r«-novi--.n, the l..(*. signal. Assu'.iing that the 
were partially prv .-jonl , it is conccivahie Uial the signal could be 
by 40 d b . 

DC Piax r Lo ss to iTt-X end Pro- irs-* 


Iv A-ith 

L.O. 

s"\jpi easv. 


If the TDA and pre-amp both lost DC power, the loss in c'in (at least 4? dB) 
and increase in front end noise (calculated to be abc.t x7 db) would corre- 
late well with measured S/C data including the 23C ma increase in PC load 
current when the malfunction cleared 28 January 1972. 
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It. is doubtful that tl>c failure is due to the TDA alone, since pre-flight 
tests show that the insertion loss whether shorted or open circuit, is on the 
order of 5-6 db. ihus the net loss in gain would bo approximately 20 db. 


(Original signed by F.J. Kissel 8/23/72) 
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L-Band Receiver Failure 


In August, 1974 the L-band receiver failed to operate due to excessive 
battery current drain. The L-band transponder, which had been in operation, 
was planned to be disabled over a weekend to allow C-band ranging to be 
performed. Unfortunately the C-band transponder was disabled by mistake. 
This resulted ina limited performance of ranging which continued until the 
signal strength was no longer acceptable. The telemetry performance also 
began to deteriorate. Subsytems were then turned off but the quality of 
the telemetry continued to decay. 

Telemetry data was lost and then recovered. At the time of telemetry 
recovery the battery voltage was at a low value of 20.4V. 


(memo to F.J. Kissel from ATSOCC/Baker, 14 April 76) 
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5 March 1976 


TO: H. ?edclsky,/D. Moore 

PROM: ATSOCC-'^l. Baker 

CM0^ V /t7f) 

On Julian Lay 06^ of this year the L-Band receiver tvimed off due to excessive 
battery drain caused by operation of the Ion Engines on ATS-5. The lowest bat- 
tery voltages recorded were ?5.9 v for battery #1 and .'5.8 for battery #? . 1 do 

not believe that it was solely battery drain, but rather a combination of load 
current, battery voltage, and possibly temperature that caused the L-Band receiver 
the cycle off. 

Post eclipse and return of Rosman apport will be required to enable a second turn 
on. 


H^7£ : TA., n* i^sf r.m, u** 
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APPENDIX D 


L-Band Experiment Calibrations (CRC, Ottawa, Canada) 

This appendix presents the calibration technique u^: .'1 oy the 
Canadian Research Center in Ottawa, Canada for the EOL L-h.r. tests. 

It is provided as supplementary information to the L-band test experi- 
ment. 
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MEASUREMENTS OF ATS-5 FOR N.A.S.A. 


4 JUNE 1980 


E.E. Matt 
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Rx CALIBRATION SYSTEM 



To Preamp 


Injected +10 dBm into preamp port of coupler (15')0.48 Me). 

Measured with hp 436 A power meter 
Out of Cal. cable -20.05 dBm 
Out of Ant- Cab) e +6.6 dBm 

By reducing the hp 8660 C generator to -16.5 (from +10) 

Measured -20.05 dBm out of antenna cable 

These reading correspond with a measurement of 26.5 dB that was used as a cal 
factor in Mar 77 

Cal Factor to input of preamp » 30 dB^to dish in 66.5 dB. 


D-3 




PREAMP NOISE FIGURE MEASUREMENT JUNE 1980 


Avantek Model AM1600M Serial #21 
Gain to Spec. Ana. 

Measured Noise Level 
Effectlv'' Noise at Input of Amp. 
Noise of 50Q load at 290*K 
. * . Amplifier N.F. 


53 dB 

-116 dB/hz 
-169 dB/Hz 
-174 dB/Hz 
5 dB 
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Xx SYSTEM NOISE CALCULATIONS 


Factor Contribution 

Sky temp - into ant. 100" 

Transmission loss - feed cabl'* + couplers - 3.4 dB -158’ 

Preamp N.F. - 5 dB 640“ 

System Noise Temp - 898* 

Effective noise at the input of preamp -171 dB/Hz 


When Terminated 
50n load 

Pream N.F. - 5 3B 

System Noise Temp 

Effective noise at the Input of prcan^ 


290“ 

J“ 


930“ 

171.1 dB/Hz 


i)-5 


OTTAWA STATION SPECIFICATIONS 


Antenna - 28' parabolic - gain 40 dB at 1650 MHz 

Note : 38.5 gain used in AEROSAT experinents included feed loss - these are 

now Included in cal. factors . 

Recei ve Systea - Calibration Factors 


- Cal. gen- to input of preamp 

30 

dB 

- Cal. gen to input of dish 

66.5 

dB 

1 .eamp N.F. 

5 

dB 

Feed + coupler losses 

3.4 

dB 

Effective noise at preamp input 

-171 

dBm/Hz 


TransaAt Systea - Calibration Factor 

- Monitor point to output of dish 79 dB 
- Maxioun E.R.P. -t^88 dBm 
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4 JUNE 1980 


E.E. MATT 


U« 


0025-0037 - Tuned to 1550.17 Rx signal (Uide-Band Data) 

- Ant. Update -31nlnE, 2*S 

- Signal level -74 dBm 

- Rx.in 50 kHz IF B.W., lOMs T.C. 

0110-0218 - Tuned to 1565.82 MHz Rx signal (beacon) 

- Rx in 10 kHz B.W. 

- Ant Update -31mlnE, 2.7*S 

- Signal level -70 dBm, -100 at preamp 

signal should be 171-100 * 71 dB above noise 

- On hp 8568A - peak signal -48 

noise -118.2 dB/Hz 
Measured C/No * 70.2 dB/Hz 

0220-.. 241 - Tuned to 1550.48 (GE downlink) 

- Rx in 5(1 i-Mz B.W. 

- Ant Position 31tnlnE, 4.2®S 

- Sign..! level -88 dBm^ -118 at preamp 

0250-0335 - Tuned *^o 1553.77 (C to L) 

- Rx li. 50 kHz B.W. 

- Ant.Updat.- "'IminE, 5.6®S 

- Signal level -7j dS, -103 at preamp 

- C/No - meas'.reC 6 7^ calculated 68 
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APPENDIX E 


Sample Link Calculations 

This appendix includes the following: 

Table E-1 Rostnan Ground Station Parameters 
Table E-2 Spacecraft - Earth Station Geometry 
Table E-3 Sample EIRP Calculation 
Table E-4 Sample Spacecraft G/T Calculation 
Table E-5 Calculation of System Noise Temperature 



Table E-1 


Rosman Ground Station RF Parameters 


Antenna Gain (85* ) 

Transmit (9 6150 MHz) 58.5 dB 

Receive (P 3950 MHz) 57.4 dB 

Receive System Noise Temperature 

Preamplifier, Tp 132.9° K 

Antenna, T^ 73.5° K 

System Noise Temp 

(Tp + T^) 206.4° K 

23.1 dB°K 

Receive G/T 34.3 dB 


Table E-2 

Spacecraft - Earth Station Geometry 


S/C to Earth Sta LOS (Km) 

Free Space Loss (dB) 

C-B uplink 0 6212 MHz 
C-B downlink 0 4120 MHz 
L-B downlink 0 1550 MHz 

S/C to Earth Sta Off Beam Center 

Degrees 

Ant Gain allowance 
C-Band 
L-Band 

Polarization Loss (L/B only) 


4 

June 80 

20 Nov 80 


37,000 

37,700 

(dB) 

199.8 

199.9 

(dB) 

196.2 

196.3 

(dB) 

187.9 


(0) 

6 

13 

(dB) 

0.5 

2.0 

(dB) 

1.0 


(dB) 

0.2 
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Table E-3 


Sample S/C EIRP Calculation 

From Ground Station C/N^ measurement (Rosman, 04 June 1980) 

S/C Configuration: C-Band WBOM, Planar Array Antenna, TWT 1 & 2 


Ros Received C/N^ (dB) 

85.5 

measured value 

Ros G/T 

34.3 

measured value 

Boltzmans Constant, K 
(dBm Hz-1 K-1) 

-198.6 


F.S. (Free Space Loss) (dB) 

196.2 


S/C Antenna Off Beam (Lp) (dB) 

0.5 



S/C EIRP^^^ (dBm) 49.3 calculated value 


EIRP = C/N^ - G/T + K + F.S. + Lp 
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Table E-4 


Sample S/C 6/T Calculation 


S/C Configuration: 


C-Band, FT Mode, Planar Array Antenna TWT 


& 2 


Ground Station 
Tx Powar, Pg 
(dBm) 


Ground Station 
Received Carrier 
(dB) 


Correction^ 
Factor, C.F. 
(dB) 


G/T 

(dB) 


60 0 (REF) 

43 -1 -5.2 -17.5 


The Correction Factor, C.F. , accounts for the noise power sharing of 
the spacecraft transmitter output and is derived as shown in Appendix F 

G/T = K + S/C NPBW + F.S. Loss - G^^^ ' ''g ^p " 


where: 


K 


S/C 

NPBW 

F.S. 


^ant 


C.F. 


= Boltzmans Constant = -198.6 dBm°K'^ Hz~^ 

= S/C noise power bandwidth =35.5 MHz = 75.5 dB Hz 

= Free Space path loss = 199.9 dB 

= Ground Staion transmit antenna gain = 58.5 dB 

= Ground Station Transmitter Power Output = 43 dBm 

= S/C Antenna off Beam pointing loss = 0.5 dB 

= Correction factor (from Appendix 1 P 1 dB suppression) 
= -5.2 dB 
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Calculation of System Noise Tempoerature from 
Specification and Prelaunch Measured Values 

The spacecraft system noise temperature is dependent upon several 
factors; primarily the earth noise temperature, noise figure of the 
transponder and the receive losses of the transponder. The following formula 
is used to calculate the spacecraft system noise temperature referred to 
the preamp inputs. 

a - 1) MF - 1) L 

where T^ is the antenna sky noise, T.j. is the noise spillover from the trans- 
mitter in the receiver band, L is the losses from the antenna to the front 

end of the receiver, F is the noise factor of the receiver, T is the actua' 

0 

temperature of the coupling network between the antenna and the receiver 
and is 290°K (reference temperature) 

The spacecraft repeater specification and measured noise figures and 
receive antenna losses are shown in Table E-5. Based upon ATS-1 data for a 
similar repeater we would expect the temperatureof the coupling network to 
be about 285°K while 30°K is a reasonable assumption for the degradation due 
to transmitter thermal noise out of band. The antenna sky noise is taken 
to be 290°K when looking directly at the earth using an Earth Coverage antenna, 
and is assumed to be <5= 20° using the omni ante ,na. Using these values in 
the formula above yields the spacecraft system noise temperatures referred 
to the electronics inputs. The G/T for the Spec and prelaunch parameters 
is determined by dividing the measured gain by the calculated system noise 
teinperature. 



Table E-5 shows the results of the Ts calculation for the ATS-5 


f 


antennas 

1 


Table E-5 

Calculation of T and G/T 
s 



C-Band 

L-Band 


1 Planar 

Array 1 

Omni 



Spec Prelaunch 

Prelaunch 

Spec Prelaunch 

Tj (“K) 

290 

290 

20 

290 290 

Ty (°K) 

30 

30 

30 

30 30 

Tl (°K) 

246 

216 

324 

199 99 

Tr (°K) 

1711 

1596 

1941 

1255 790 

^ (dB°K) 

2277 

2132 

2315 

1774 1209 

33.6 

33.3 

33.7 

32.5 30.8 

Gant 

16.3 

16.6 

-2.0 

12.7 14.3 

G/T (dB) 

-17.3min 

. -16.7 

-35.7 

-19.8min. -16.5 








Appendix F 

In-Orbit Measurement of G/T 

This appendix contains a derivation of a technique for in-orbit 
measurement of the G/T of a hard- limiting transponder. 

Pages F-2 through F-8 are the original work presented to the ATS Project 
as Westinghouse memo #75-163. 

Pages F-9 through F-11 are an addendum to the original memo v;hich provided 
a refinement to the analysis to account for the S/N transfer characteristic 
of a bandpass limiter. 
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Ftoir F. J. Kissel 

WIN #75-163 (corrected #75-137 and reissued) 

Date 19 December 1975 

Sjr.tr In-orbit Measurement of G/T of a Hard-limiting Transponder 
with AGC 

Ref:Memo #75-085, 21 July 1975, ’'ATS-6 L-band G/T and Receiver 
Sensitivity Performance” 

To M. Geller 

WESTINGHOUSE ELEC. CORP. 


Background 

The referenced memo contains a derivation of a technique for 
in-orbit measurement of the G/T of a hard-limiting transponder 
with AGC (Appendix 1 of referenced memo) . In order to reduce 
the complexity of the derivation, the intervening steps between 
equations (2) and (3) were omitted. Interest has been sub- 
sequently expressed in this area and the entire Appendix is 
herein reproduced with the intervening steps, equations (2A) 
through (2F) included. Corrections and clarifications have 
also been made in equations 6 and 7 and in Figure -1. 
Additional numerical examples have also been added. 

F. t. . Kissel 

WE31INGH0USE ELECTRIC CORPORATION 

Attachment 

cc: R. Baldridge 

J. P. Corrigan 

I. Galicinao 

J. Meenen 
R. Moore 

D. Neudecker 
L. Nicholson 
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In-orbit Measurement of G/T of A 
Hard-limiting Transponder with AGC 


The technique of measuring G/T is essentially one of mea. » >.ng 
the system noise temperature. This is readily accomplished for a 
linear amplifier using well established techniques developed for 
measuring amplifier noise figure, i.e., measure amplifier output 
power with no input, then measure change in output with a known 
input. The problem becomes more complex if the amplifier has AGC, 
and some assumptions must be made as follows: 

1. The total output power is constant for all input 
levels ; 

2. The IM products due to front end noise are negligible.* 
Using the above assumptions, the spacecraft noise power input, 

Pjj, referred to the preamp input is: 

Pn = KTB (1) 

where : 

K “ Boltzman's constant “ 1.38 (lO)”^^ w/°/Hz (-198.6 dBra/o/Hz) 

T - Spacecraft system noise temperature (ORelviu) 

B - Spacecraft bandwidth “ 40 MHz (76 dB-Hz) 


The spacecraft output power, is -proportional to the 

signal power input, P^, multiplied by the antenna gain, G, plus 


the noise power input, P^; 


**out ” **s out ^ 1 . out ^ ^ * **n 


( 2 ) 


where : 


P_ " Ground station EIRP (dBm) - path loss (dB) 
s 

*"Hard-limiting of Two Signals in Random Noise" IEEE Transactions 
on Information Theory, January 1963. 
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For large P_G (on the order of -70 dBm), P becomes negligible, 
and the total output power may be considered to be due to the signal 
input, PgG. The signal power output, P^ , may be observed 
and measured on a spectrum analyzer or a narrowband tuned voltmeter. 
As Pg is decreased, a decrease in P^ will occur, and P^^ 


must then increase in order to maintain a constant P 


out ■ 


From equation (2) : 

- Pi 


at high power: P;^^^ - . g- 


= C'P'G 


(2A) 


and at low power: = P^ + P„ = C(PgG + P„) (2B) 

where C is a constant of proportionality and (') is used to indicate 
the high power condition. 

From the above, since P^^^ = . we have: 


pt = P + P 

s out s out n out 


( 20 ) 


f''om which: 


C'P’G = C(P G + P„) 
s s n 


p;g = ^ (p^G + p^) 

9 ^1 ® 1 * 


(2D) 


From equation (2C) : 


P •> P' - P 

n out s out s out 


Also, from (2B) and (2A) 


K “ CP„ and P* “ C'P’G 
n out n s out s 


which substituted into (2D) gives: 


P’G - ^ (P^G + P„) 


n 


p< 

s out 


(2E) 


F-4 



Substituting for from (2E) giv',s: 

I * 

' (P - P ) P G 

P G =' s out s out' s 


P P 
n s out 


(P G + F_’> 

S ii 


dividing through by P G gives; 


P - P P G 4- P 

, , s out s out^ / s n) 

i V * ' p 

p 4. n 

s out 


or 


1 = (1 - P ) (Vjjn) 

Pn 


(2F) 


where P_ . = s out 
sr p 

s out 

Expanding (2F) yields: 


From which 


p = p - p PG+PG-P P 
n n sr s s sr n 


Psr Pn - - '■sr> 


or 


1 - P, 


P- = 


sr 


n P. 


sr 


P G 
s 


(3) 


For special case where P^^ = 0.5 (3 dB drop), P^^ is equal 

to P and P is equal to P G as follows. Equation (3) 

s out n s 

evaluated for P^^ = 0.5 becomes: 

•■n ■ V - V 


or 


n 


= Ps^ 


( 4 ) 


Prs = -3 


Substituting for P^^ in equation (1) gives: 

PgG = KTB or ^ ^ 
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•V 


Assuming 40 MHz spacecraft BW: 

G/T (dB) = -198.6 + 76 - = -122.6 - P_ (5) 

s ® 

where : 

P = Ground station EIRP (dBm) - path loss (dB) 
s 

The more general case of equation (5) becomes: 

G/T (dB) = -122.6 dB - 10 log ( ^ ) - P^ (dB) (6) 

*^sr 

Calculation of equation (6) is simplified by use of the 

nomogram shown in Figure A-1 (attached) which solves for the 

correction factor, C.F.; 

C.F. = 10 log ( — ) ( 7 ) 

■*^sr 


EXAMPLE 

For synchronous altitude (spacecraft subsatellite point at 
94^ west longitude), Rosman L-band transmitter: 

^s “ Pgnd ‘ ^ 

where: 


^gnd 

^gnd 
L = 


•• Rosman Tj^ power (dBm) 
- Rosman antenna gain - 
Path loss at 1650 MHz 


33.4 dB 
188.2 dB 


Thus; 

Ps “ Pgnd 


Substituting (7) and (8) into (6) gives the expression for 

the ATS-6 spacecraft G/T as a function of Rosman transmitter power; 

G/T (dB) - -122.6 - C.F, - P„„. (dBm) + 154.8 

gna 

C/T (dB) - 32.2 - C.F. - P^^^ (dBm; (9) 
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, Similarly, for the Madrid Hybrid station (spacecraft at 35^ 

east longitude) we have: 

HYB L-band Tx 

G/T (dB) - 32.6 - C.F. - (dBm) 

I HYB S-band Tx 

G/T (dB) - 36.5 - C.F. - (dBm) 
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Addendum to Westinghouse memo #75-163 
(In-Orbit Measurement of G/T of a Hard-Limiting Transponder with A6C) 

Background 

The subject meu<o (W #75-163) assumed: 

A basic assumption in the derivation presented in the subject memo 
was that the signal-to-noise ratio was unchanged through the spacecraft 
limiter (essentially performing as a linear device with regard to S/N). 
Figure 1 shows that the S/N transfer characteristic of a hard limiter is 
not linear This effect has been used lo modify the Correction Factor 
curve presented as Figure A-! in the subject memo. The revised curve is 
presented herein (Figure 2). 


( 1 ) 


Davenport, Jr. Applied Physics, June 1953 
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APPENDIX G 


Post Launch Tests 

This appendix consists of a Westinghouse field report In which many 
of the first ATS-5 performance tests were performed. Much of the Included 
data was used for In-orbit comparisons with the EOL tests. 
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OATC. 


11-17-69 


NCPORT NO . 


;STINGHOL'S£ ELECTRIC CORPORATION 


BALTIMORE DEFENSE CENTER 


FIELD ENGINEERING B SERVICI* 


ICMI* V.»1T«C 

NASA Mojave Stadan Site 


Beirstow, CaUfomia 


VPC Of TAI^ 


aTS- 5 Tests 


Thi* form may only be used to report 
the results of o field visit not normolly 
covered in Field Reports (Form b a s«u) 
ond for in-plant meetings involving non- 
Westinghouse personnel. 


A»«IVAL OATC 

10-20-69 


DC^AATUAC DATC- 

10-24-69 


OISTIIlSUTION 
CttT NO : 


OtSTAlAUTION 
LIST ATTACMKO 


To perform L-band prooagation and antenna pattern tests. 

IRPOSE or TRir — — 


•OSC RRESCNT 


F. J. Kissel, D. R. Rau, W. 


H. Asplund, T. Stores 


JMMARV 


The primary purpose of the trip was to perform L-band propagation tests 
using the ATS-5 spacecraft. In addition to the propagation tests, the S/C 
transmit and receive antanna patterns were to be measured as well as other 
S/C parameters such as VCO offset frequency and drift rate. 

The primary objectives of the trip were accomplished: Propagation data 

was obtained for the up and down links, and S/C transmit and receive antenna 
patterns were measured. The latter was measured in the L-C cross-strap (SSB/ 
FM) mode using the omni-directional C-band antenna. At this time it was dis- 
covered that RF leakage from the C-band planar array antenna was Interacting 
with the omni radiation pattern to cause signal enhancement and cancellation. 
The effect was a function of S/C orientation such that the signal cancellation 
caused the FM receiver to operate below threshold during a 2 to 3 millisecond 
time interval. Measurements were also made of S/C VCO offset and drift r^te. 


foch" 


fs 

QUALiiy 


F. J. Kissel 


3:xTic:i 


FE&S/SIP 


Vfr JTJn OF REPORT 

G-2 


SHZLST (J- ) OF (1 1) 



AT5-5 Test Report 


Tjrarsmit Antenna Pattern 

The L-band transrnit antenna pattern was measured with the S/C in the 
wideband data mode (WBDM). The S/C VCO was unmodulated, the S/C transmitter 
was internally saturated to provide maximum drive to the T.vT amplifier (two 
WT*s were used). The received L-band signal was down converted to 70 KHz and 
passed through a 500 KKz IF filter (7C9 KHz noise 5V/). The signal was then 
amplified in Jerrold model LA-5100 log amplifier and AJi detected. The detected 
output was displayed on a Honeywell 1508 Visicorder(see figure 1 for a block 
diagram of the test setup). 

Calibration of the received signal strength was performed by injecting 
an L-ba:id signal of known power level into the parametric amplifier. The 
calibration signal was varied in known increments to provide calibrated steps 
on the strip chart. A low pass filter was used at the input to the recorder 
to remove the effects of thermal noise which was present in the L-band oscillator 
output. 

Table 1 presents pertinent data obtained from the transmit antenna pattern, 
and figure 2 shows a polcir plot of the pattern. 

Receive Antenna Pattern 

The I^band receive antenna pattern was measured vdth the test set up shown 
in figiire 3. The system was configxa*ed for L-C (SSB/FM) cross-strap operation 
using the C-band omni-directional antenna on ‘•he downlink. The uplink SSB 
signal was generated using a 70.550 M-iz IF signal derived from an K? 5100 
synthesizer. This resulted in a 550 KKz modulation on the C-band downlink which 
was AM detected using the Jerrold Log Amplifier and detector. The detector output 
was displayed on the Honewell -visiccrder. Tr.e first efforts to record the 
receive antenna pattern appeared to be unsuccessful. This was because the recorder 
pattern showed a "dip" in the main lobe which moved very slowlj' across the pattern. 
Subsequent investigation snowed that the "dip" was caused by the fT-I receiver 
operating below threshold because of distructive interference in the downlink 
between the C-band omni antenna and leakage from the C-band plannar array antenna. 

careful selection of a time of measurement, it was possible to obtain a receive 
antenna pattern which ■was free of the "dip". The measured receive antenna pattern 
is shown in figure 4. Table 2 presents an analysis of the pattern. 

SSB/FM Modulator Sensitivity 

The sensitivity of the SSB/FI-I modulator was measured by determining the 
SSB transmitter power output wiich was required to cause an FM deviation of 2.64 
radian peak on the downlink (this point was determined by observing the downlink 
IF on a spectrum analyzer and noting vihen the first and second sidebands were 
equal. Subsequent tests have been performed which utilize a narrow band (20 KHz) 
tuned receiver to determine the point of first and second carrier null (2.40 and 
5.52 rad peak mod index, respectively). The results of these tests indicate S/C 
sensitivity to be between -111.5 dba to -114.5 dtm (as ccmpjared with the specifi- 
cation of -113. 0 dbm +2.5). Further testing and auialysis will be performed in this 
area which will also take into account the change in off beam center allowance cue 
to S/C orientation. 
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Transponder Saturation 

The saturation point of the S/C transponder was determined for the narrow 
band FT mode of operation. The uplink (unmodulated) power level was varied by 
changing the transmitter power output from 32 dta to 60 dba and recording the 
received downlink power. The saturation point is defined as that S/C input 
power level >diich when increased by two db, results in a one db increase in 
S/C power output (also referred to as the 1 db compression point). Figure 5 
shows a curve of the S/C transponder input/output response characteristics. 

The 1 db compression point was determined to be -100.9 dbm. 

S/C Oscillator Drift and Frequency Offset 

The drift rate of the S/C oscillator was determined by monitoring the 
downlink IF frequency while the S/C was operated in the VJ3 DM. In this mode, 
any frequency drift or offset is due to the V/B VCO and the S/C master oscillator. 
Since the stability of the master oscillator is considerably greater than the 
VCO, its effect may be neglected (subsequent measurement of master oscillator 
frequency offset and drift has validated this assumption). The VCO offset as 
a function of time after S/C driver turn on is shown in figure 6. The offset 
after 3 hours wam-up was -140 KHz. 

Downlink Carrier-to-Noise Ratio 

The downlink carrier was measured at several receiver gain settings, 
resulting In measurements of 12.9 to 17.4 db with the higher CNR coiresponding 
to the higher RCVR gain setting. The cause of this effect is under investigation. 
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Table 2 ATS -5 L-BAND RECEIVE ANTENNA PATTERN 
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FIGURE 1 BLOCK DIAGR;” 

S/C I/-5aiid Transmit Antenna Pattern Test Setup 
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♦ Note: 3 KH* shift in baseband frequency is due to frequency offset in S/C 
■aster oscillator. 

*• The spectruB analyzer is used to calibrate the uplink power (when first and second 
sideb^ds are equal, the mod index is 2.64 rad peak) 

*** Subsequent tests used the wave analyzer to determne carrier null as a nethod of 
calibration of uplink S/C receive*** xjwer (first carrier null occurs at a mod index 
of 2.40 rad peak). 


nCURE 3 BLOCK DIAGRAM 
S/C L>Band Receive Antenna Rattern Test Setup 
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APPENDIX H 


SOLAR ARRAY BUS CURRENT 

This appendix presents dwell telemetry data of the solar array 
current (Solar Array Bus 1 and 2). The telemetry data was recorded on 
a stripchart, pcrticnf of which ore shown In Figures H-1 through H-4. 

Figures H-1 and H-2 show the solar bus current as the spacecraft 
leaves the Umbra portion of the earth's shadow. Figures H-3 and H-4 
show the solar bus current during a nonecllpse time. The spacecraft 
power load Is constant except as noted. The Ordinate (Bus Cjrrent) on 
Figures H-1 through H-4 Is approximate and is not corrected for sensor 
nonl Inearity. 

The chart speed is 1 cm/sec except as indicated; the S/C PCM sync 
pulses occur In all figures at a repetition rate of 2.97 seconds, the 
S/C spin period is 0.765 sec (3.9 rotations between sync pulses). 

The two solar-cell arrays are mounted on the outer cylindrical 
shell at either end of the spacecraft as shown in Figure H-5. The 
forward array (Solar Bus No. 1) is composd of 44 parallel connected 
subgroups of silicon solar cells. Each subgroup is composed of there 
parallel strings of 80 cells in series divided into two sections, one 
of 54 cells extending the full length of the array and the other of 26 
cells sharing the length with the adjacent subgroup. The remaining 
space is used for the parallel high conductance silicon diodes which 
connect the subgroups to the unregulated bus. The aft array (Solar 
Bus No. 2) is similar except that it consists of 46 parallel 
subgroups. 

Examination of Figures H-1 and H-3 (Solar Bus Current No. 2) 
clearly shows the effect of damage to the aft solar array (caused by 


H-1 



collision with the apogee motor during apogee motor jettison). The 
damaged solar cells causes the output of the aft array to fluctuate at 
the S/C spin period. 

The fluctuation in the forward solar array output current (Solar 
Bus No. 1) Is due to the asymetrical positioning of the solar cells 
around the spacecraft (the area reserved for the Libration dampers 
causes a variation in the available output current which occurs twice 
each spin period). 



Solar Bus Current (S.B.#2) 
(amp) 
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Figure lA Remarks: S/C moving from Umbra to punumbra; note change in 

Day /Time 071 / 0519 :S 2 (Z) chart speed (from 1 cm/sec to 2.5 cm/sec) 


Solar Bus Current 
(amp) 



Figure IB Remarks; Very little ripple (24 sec after Umbra exit) 
Day /Time 071/0520:16(2) 


Sr lar Bus Cun r^t 
(amp) 



Figure 1C Remarks: Onset of ripple at S/C spin period (54 seconds af ter 
Day /Time 071/0520 ;46(Z) umbra exit) 


FIGURE H-1 


Post Eclipse Solar Bus 2 Current 
H-3 



Solar Bus Current (S.B.#2) 
amp 


Figure ID Remarks: S/C spin modulation is becownlng more pronounc ed 

Day/Time 071/ 0521; 06(Z) 


Solar Bus Current 
amp 


Figure IE Remarks: Near Max Solar Bus Output; note that sync pulses 
Day/Time 071/0521:56(2) are inverted 


Solar Bus Current 


Figure IF Remarks: Note decrease in S.B. Current (S/C loads were hel d 
Day/Time / : (Z) constant; also note change In chart speed from 2.5 cm/sec 


cm/sec 


FIGURF H-1 Post Eclipse Solar Bus 2 Current (continued) 










Figure 2B Remarks: Continuation of Figure 2A 

Day /Time 086/ 0459;30(Z 
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Figure 2C Remarks: Continuation 
Day /Time 086/ 0459 ;48(Z) at 045955 


h. 2 unparalled 


Figure H-2 Post Eclipse Solar Bus 1 Current 
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Solar Bus Current (S.B.Il) 




Figure 2D Remarks: _S 
Oay/Time 086 /0500 : 23(Z) spin rate 


Solar Bus Current 
amp 


Figure 2E Remarks: Spin modulation decreases then returns 

Day/Time 086 / 050a51(Z 


Solar Bus Current 
amp 
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Figure 2F Remarks: Spin modulation is very prono^unced 

Day /Time 086/0502 * 


FIGURE H>2 Post Eclipse Solar Bus 1 Current (continued) 






Solar Bus Current (S.B.Il) 
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Solar Bus Current (S,B.#2) 


Figure 3A Remarks: Repe ate r 2 ON (FT Mode) at 1708:5 0 

Day /Time 139 / 1708;39(Z) 


Solar Bus Current 


Figure 3B Remarks: Repeater 2 OFF at 1717:25 

Day/Time 139 / 1717:15(2) 


Solar Bus Current 
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Figure 3C Remarks: Repeater 1 OFF at 17:18:15 

Day/Time 139/ 1718;06(z) 


Figure H-3 Solar Bus 2 Current 









Solar Bus Current (S.B.Il) 


Figure Remarks: Current Control Unit on at 1743:45(Z) 

Day/Time 139 /1743;38(Z) 


Solar Bus Current 


Figure 4B Remarks: RPTR 1 mV on at 1749:30 
Day /Time 139 / 1749:20(2) 


Solar Bus Current 


Figure 4C Remarks: Current Control Unit Off at 1754; 15(Z) 

Day/Time 139/1754 ;03(Z) 


FIGURE H-4 Solar Bus 1 Current 
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FIGURE H-4 


Solar Bus 1 Current (continued) 
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SoUr Bus Current (S,B,#1) 




Figure <6 Remarks: Resistor Jet Exp Reg OFF at 17S9:45(Z 
Dv/Ti«e 139 / 1759:35(2) 


Solar Bus Current 




Figure ^ Remarks: Repeater Wo. 1 OFF at 1800:40(2) 

Drv/Time 139/ 1800; 33(2 


Solar Bus Current 


Figure 4J Remarks: _S 
Day /Time 139 / 1802 


Figure H-4 Solar Eus l current (continued) 







FORWARD SOLAR PANEL 


44 series-parallel groups 

(} CELLS VIDE BY 80 CELLS LONG) 



AFT SOLAR PANEL 


FIGURE H-S Solar Cell Panel Layout 
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